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TERRESTRIAL MAGNETISM * 
By Orro KLovrz 


| N my brief address I could probably tell you more about what 
is not known about terrestrial magnetism than what is 
known. 

What a compass needle is you know as well as I do. Let 
us get at a few fundamental ideas about our subject. Here | 
suspend a short piece of thick iron wire at the middle, its posi 
tion is horizontal and it will point in any direction into which ! 
place it. I will now bring two magnets into its vicinity, opposite 
poles of the magnet facing each other and equidistant from the 
iron rod. What happens? Nothing has come in contact with 
our iron rod, yet it has moved and placed itself in a definite direc- 
tion which we find is in line with the two poles of the magnet 
Some mysterious and unseen hand seems to have taken hold of 
the iron wire and turned it into a particular position. ‘There is 
now something in the air or ether about the wire that wasn't 
there before, we call it a magnetic field. It seems as if parallel 
bands stretched between the poles of the magnet and between 
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which the iron is forced to place itself. These bands we call 
magnetic lines of force. Nature always takes a short cut, follows 
the line of least resistance. Water follows the line of greatest 
descent down a hill side, lightning takes the shortest cut to kill 
itself, and so our magnetic lines of force take the easiest path, 
which is through the iron and through the longest course of the 
iron, for the iron furnishes an easier path than the air. If we 
suspend a square disc of iron the direction it would assume 
between the poles of our magnets would be along a diagonal 
We are justified then in speaking of magnetic lines of force. I 
said that the iron rod places itself in line with the poles because 
it offers an easier path for the lines of force to pass from one pole 
to the other than does the air. “There are substances, however, 
that offer more resistance to the passage than does air, and as we 
may hence rightly conclude the particles will so place themselves 
when free to move that they will likewise offer the least resist 
ance to the lines of force, which, of course, means that such sub 
stances will be at right angle to the line of force as seen in the 
experiment with bismuth. 

Our experiment with the iron rod would have been equalls 
well, in fact better illustrated, had I taken a piece of magnetised 
steel wire, but a phenomenon would have been introduced that | 
wished to avoid for the moment, and that is, that our magnetised 
wire or needle as I shall hereafter call it, would have placed itself 
not only in line of the poles of the magnets, but as it has two 
poles itself, its poles would have faced poles of opposite polarity 
of the magnets. 

We know that the compass needle at any given place has, 
temporarily, at least, a definite direction,— that is, it places itself 
in the direction of the lines of force in the magnetic field. From 
our experiment and what has been said we might conclude that 
there are some magnets somewhere on the earth that produce 
these lines of force, But if we were to attempt to give a position 
to these terrestrial magnets we would meet with difficulty. It is 
found that this directive property exists all over the earth, so 


¢ 


that our magnets would have to satisfy all the directions shown 
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by the needle around the pole. It is scarcely necessary to men- 
tion that these lines of force have no force of translation, the 
force they exert is that of a couple, 7. ¢., a turning about a point 
like the force exerted on the handles of a letter-press. From 
observations with the compass needle we must conclude that if 
the earth is not a magnet, it at all events, behaves like one, and 
that lines of force traverse the surface in approximately a north- 
south direction. 

Now let us see whether we can offer another explanation for 
these lines of force. Let us see whether we can effect this direc- 


tive influence on our needle in another wavy than by means of 


nagnets 

We have bere a coil of copper wire wound around a card 
board cylinder. We shall suspend on a silk thread within, a thin 
strip of soft iron evenly balanced. You will notice that it will 
remain in any horizontal position in which it is placed. I shall 
now send an electric current through the copper wire and see 
what happens. Our iron strip has placed itself in a definite direc 
tion, that direction bearing a definite relation to the plane of the 
windings of the wire. Our iron strip finds itself again in a mag 
netic field with its lines of force along which or parallel to which 
the strip places itself. If instead of the iron strip, which ordin 
arily is free from magnetism, we use this magnetised needle, it 
would have behaved similarly, but as the needle has magnetic 
poles the total field is intensified, and furthermore, we find that 
the relative position of the poles to the coil is dependent upon the 
direction of the current, that is, they are reversed by reversing 
the current, as vou see. 

In this experiment it is to be observed that our needle is 
subject to the magnetic field of the earth urging it into a particu 
lar direction but the field of the electric current is so much 
stronger, that the terrestrial force is for the moment negligible. 


We have shown then that we can produce a magnetic field 


without the use of magnets. An electric conductor is surrounded 
by a magnetic field to which the conductor is concentric and the 


lines of force are tangent to concentric circles in the plane per 
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or law we know the relation between the direction of the current 
ind the deflection of the needle by the current, and the deflection 
of the needle by the current from the behavior of the needle 
on the ear it the end that is detlecte to the north 1s also 
deflected downwards in that direction shows, that if the ective 
force of the needle is due to electrical current, such current must 
be within the earth. where too 1s situate, of course the mag 
netism attributable to the magnetised particles which form part 
of the earth itself We are safe in saving then that the chief 
seat.of magnetism is within the earth In connection herewith 
ve may give an imple how investigations in one depariment 
of science may give results applicable in another department ot 
science with which itis apparently wholly unconnecte« s, for 
instance, magnetism and seismology What have earthquakes 
got to do with a surveyors compass? Apparently nothing 


Let us see howeve! 


Our seismiograms or records of 


tions or waves propag ited by earthquakes give us a clue to the 
constitution of the earth arthquakes propagate three distinct 
tvpes of waves, longitudinal, transverse and surface waves and 
the velocity with which each is propagated depends upon the 
properties of the mass or substance through which it is sent 
such as density, elasticitv, resistance to deformation and com 
pression From the examination of manv seismograms from 
ditferent quakes, Professor Wiechert is led to the conclusion that 
the earth is in the main, composed of an outer stone shell ot 
mantle of about 1500 km. thickness, and that the nucleus. or 
¢ ] ¢ s 1 1 
central part, is essentially iron If such 1s the case we may find 
+ ] . 
] 1 i LOSE isso ation t tie Tile omenotl oO t res l 
magnetism. and t nointine of the survevor’s compass 
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Knowing now the directive property of a magnetised needle 
when free to move horizontally we will devote but a moment to 
the method of determining that direction with reference to the 


cardinal points of the earth. 


The simplest way is, of course, with the compass itself. If 
we point the sight line of the two uprights along the true north 
south line, the pointing of the needle gives directly the deviation 
of the magnetic from the true north on the graduated circle. 
The accuracy of such readings is, however, probably not greate1 
than 10 minutes of arc. More accurate readings may be obtained 
by having a long trough containing a needle attachable to a sur 
veyor’s transit-theodolite, the trough being supposedly parallel 
to the line of sight of the telescope, so that when the needle 
points to the zero of the trough the angle of the line of the tele 
scope with the meridian gives the magnetic declination,—as it is 
called,—variation of the compass as formerly designated. A more 
accurate method, however, and one used by us in our magnetic 
survey of Canada is to observe on the magnet direct with a tele 
scope, either on a magnet supported in a pivot like the surveyors 
compass or on a magnet suspended by a fibre. In either case the 
magnet is supplied with a small mirror by which the thread in 


the line of sight of the telescope is reflected. Both forms of 


magnets must be invertible to eliminate the mirror correction, or 
its deviation from a right angle to the line of the supported 
or suspended magnet, that is, of the magnetic axis. The 
pointings of the telescope are read off on the horizontal circle 
of the instrument, upon which too, the pointing of the tele- 
scope for true north is found by solar or stellar observations, 
with which you are familiar. About the suspended mag- 
net a point must be noted. It will only place itself in the 
magnetic meridian if there is no twist of torsion in the suspend 
ing fibre or thread. Hence this twist must be removed before 
we can get reliable results. 

Columbus was the first to establish the fact that the needle 


does not point true north and south, and furthermore that its 
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deviation therefrom is different for different places as he found 
when sailing across the Atlantic and discovered America. 

So far we have only spoken of the horizontal direction of the 
needle. Three quarters of a century later than Columbus, in 


1576, Ro 


1 
{ 


vert Norman discovered the property of the needle 
which we call dip or inclination. A compass needle which is 
horizontal at a given place when transported north or south no 
longer is horizontal, but is tilted, in the first case the north end 
dips down and in the second tilts up. We have thus discovered 
a new element in terrestrial magnetism,— dip or inclination. 
To measure it we must permit our needle to move freely up and 
lown, 7. ¢., in a vertical plane, and evidently in the plane of the 
horizontal pointing or magnetic meridian. This down-pointing 
of one end of the needle intensified the belief that there must be 
something, some magnetic matter within the earth to produce 
this effect. How accurate observations for inclination are made 
I shall illustrate with one of our Dover Dip Circles. 

That terrestrial magnetism is due to electric currents within 
or without the earth, the fact of the inclination where the north 
end dips (in the northern hemisphere) downwards would indicate 
the direction of the current to be from east to west and within 
the earth. Slowly and by degrees the phenomena of terrestrial 
magnetism were observed and recognised, for it is one thing to 
observe and another thing to recognise what has been observed. 
It is by comparison of similar observations that an opportunity 
is afforded of studying changes, if any, and their significance. 

It is obvious that the discoy ery of secular variation could 
not have been made until the lapse of a long time after observa 
tions were first recorded. It was thus that Gellibrand in 1684 
discovered that through lapse of time the pointing of the needle 
at a given place changes, that is, that there is secular variation 

This secular variation is another of the unsolved problems 


r riddles of terrestrial magnetism Permit me to resurrect 


Halley, whose name recently dipped beneath the horizon for 


another 75 vears. Halley was a great scientist in his day 


travelled extensively, observed and paid much attention to 
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terrestrial magnetism before he assumed the part of Astronomer 
Royal in succession to Flamsteed. In a paper presented to the 
Royal Society, in 1692, entitled ‘‘ On the change of the Variation 
of the Magnetic Needle, with an Hypothesis of the Structure of 
the Internal Parts of the Earth,’’ he says: 

‘* Having published, in those Transactions No. 148, a theory 
of the variation of the magnetic needle, in which, by comparing 
many observations, I came at length to this general conclusion, 
viz.: that the globe of the earth might be supposed to be one 
great magnet, having four magnetical poles or points of attrac- 
tion, two of which near each pole of the equator ; and that in 
those parts of the world, which lie near any of those magnetical 
poles, the needle is chiefly governed thereby ; the nearest pole 
being always predominant over the more remote. And I there 
endeavored to state and limit the present position of those poles 
on the surface of our globe. Yet I found two difficulties not 
easy to surmount: the one was, that no Magnet, I had ever seen 
or heard of, had more than two opposite poles; whereas the 
earth had visibly four, and perhaps more. And secondly, it was 
plain that these poles were not, at least all of them, fixed on the 
earth, but shifted from place to place, as appeared by the great 
changes in the needle’s direction within this last century of vears, 
not only at London, where this discovery was first made, but 
almost all over the globe of the earth ; whereas it is not known, 
or observed, that the poles of a loadstone ever shifted their place 
in the stone, nor, considering the compact hardness of that sub- 
stance, can it easily be supposed.’’ As wesee, Halley’s difficulty 
of interpreting the phenomena was that he conceived the mag 
netic phenomena to be due to four poles instead of two, for there 
are only two as far as declination is concerned ; the other two 
poles of which we now speak are those of maximum total inten- 
sity. In order to give a plausible if not quite satisfactory expla- 
nation to account for the secular variation he conceives the earth 
to be made up of two concentric spheres revolving in nearly the 
same time. In his words ‘‘ Now supposing such an internal 


sphere, having such a motion, we may solve the two great difh 
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culties in my former hypothesis. For if this exterior shell of 
earth be a magnet, having its poles at a distance from the poles 
of diurnal rotation ; and if the internal nucleus be likewise a 
magnet, having its poles in two other places distant also from 
the axis ; and these latter, by a gradual and slow motion, change 
their place in respect of the external, we may then give a reason- 
able account of the four magnetical poles, as also of the changes 
of the needle’s variation. The period of this motion being won 
derfully great, and there being hardly a century since these vari 
ations have been duly observed, it will be very hard to bring this 
hypothesis to a calculus. . . . . Hence and from other of like 
nature, I conclude, that the two poles of the external globe are 
fixed on the earth, and that if the needle were wholly governed 
by them, the variations would be always the same, with some 
little irregularities on the account just now mentioned ; but the 
internal sphere having such a gradual translation of its poles, 
influences the needle, and directs it variously, according to the 
result of the attractive or directive power of each pole; and con 
sequently there must be a period of the revolution of this internal 
ball, after which the variations will return again as before ut 
if it shall in future ages be observed otherwise, we must then 
conclude, that there are more of these internal spheres, and more 
magnetical poles than four, which at present we have not a 
sufficient number of observations to determine, and particularly 
in that vast Mar del Zur, which occupies so great a part of the 
whole surface of the earth.’’ 

‘The riddle of secular variation is not much nearer solution 
to-day than it was in the davs of Halley. About a century and 
a half after Halley, the illustrious Gauss applied his mathematical 
skill to terrestrial magnetism and put the subject into a mathe 
matical and scientific basis. Especially did his labors result in 
expressing the terrestrial magnetic force or intensity in absolute 
units in contradistinction to the relative values that had obtained 
before. Gauss was essentially a mathematician and not a physi 
cist. ‘To show the state of knowledge with reference to secular 


variation in the time of Gauss we may cite the following extract. 
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In the closing words of a letter in 1852 by Gauss to Schu 
macher the former says regarding secular variation: ‘‘ I have 
always considered those vast changes as something most remark 
able. ‘Terrestrial magnetism is without doubt not the result ot 
the presence of a pair of large magnets in the vicinity of th 
earth’s centre, which by degree move away many miles from 
their position, but 1s the result of all the polarized iron particles, 
and especially of these that lie nearer to the surface than to the 
centre. Yet, what shall one think of the vast changes that have 
taken place within a few centuries? Cordier’s hypothesis of a 
relatively thin crust has always appealed to me as explanatory 


of the above phenomenon. Of course, in that case the magnetic 


‘lements can have their seat only there, and the thickening of 
the ernst f } { » f] id > ld thet re 13] » ] 
the crust from a tormer fluid state would then readily explain 
“1 


the large variation in the terrestrial magnetism, which otherwise 


remains a great riddle. ‘The circumstance too, that the so-called 
principal magnetic poles lie in the coldest regions, where we may 
take for granted that the crust is thickest, seems to point in that 
direction. 
Wiechert who gives the above quotation in the Gottingen 
Festschrift 1906," adds ‘‘ that it is a consolation for many a 
scientist who is so painfully aware of his own inability toexplain 
things, that Gauss could entertain such naive notions. It is to 
be noted, however, that Gauss wrote these words in a private 


letter, and that he was very cautious in weighing every word 


that was intended for publication 
As I have already said we know nothing of the law that 


governs the secular variation nor have we as vet the record of a 
complete cycle for any place and hence can not predict what the 
variation is going to be in advance. Even when we know the 


} 


secular variation for a given place, say Toronto, which has one 


best and longest magnetic records in the world, we cannot 


of the 
with certainty apply that variation toa comparatively near place, 
sav Ottawa. 

A lot of mathematics has been expended, wasted I may say 


in squeezing every secular variation curve into harmonic for 
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mula or harness, that is, we make a formula for what we already 


know from direct obs¢ 
urve sticks out beyond our harness we lose control of it, in 
<trapolate as I have found again and again 
However, we can interpolate with a fair degree of approximation 


f the declination of any place lving 


between stations 


not too far apart, whose values have been observed When I] 


speak « ipproximation I mean values within say 5to 10 minutes 
of the true values This excludes of course, the effect of local 
++ + } ] 


lich may run into degrees, many de: The 


aegrees 
nila nN? t th n for ditter t rn] Or Ace +} 
S wa \ tion 1s not the sane yr cillferent places, nor caoes the 
1 1 - } 1 1 ‘ 

perl the cvcles as far as we can 1wige trom the limited data 
t ey +} . Cs Pon 
i ippear to be the sam or Cllle nt places 

Prometheus 1s still bound 

\ ive so far spoken of the horizontal dire: 


nN 1 declination, and of the direction in a vertical plane 
or 11 on, dip \s we have seen, a force is acting on the 
1 le to put it into some definite position That force, what 
ever it is, must have magnitude, must have intensity, must have 
strength This is the third 


in order to express terrestrial magnetism completely 
[° most obvious wav to measure this strength ts to apply 
i¢ n weight to one end of adipping needle at a known distance 
from its axis and observe how much the needle is pulled out of 
s tormet yosition We lere compare the gravitational force 
vith the magnetic torce In principle this is verv simple The 
+ ] + - 11 l¢ I atare lat ‘ + m4 } 
1ethod was formerly used to determine relative intensity | 


etweell 
different places on the assumption that the magnetism of 


needle remained constant, for it must be remembered that when 
the weight spoken of above is pulling the needle, it 1s pulling 
iainst the combined strength of the magnetised needle and of 
‘ + 1,] + et), T+ ++ ’ +} + 
1¢ la eli eid ot ne earth it 18 tie iatte tha We ire 
Set k ny 
Chere are other and more accurate methods that we use and 
§ which I shall simply indicate the principles involved in ordet 


o make clear how the intensity is arrived at and expressed in 


rvation Unfortunately the moment the 
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absolute units. Perhaps a word here about absolute units may 
not be amiss. They are independent of our earth and are appli 
cable anywhere in the universe. A moment ago I spoke of 
attaching a weight to the dipping needle ; suppose the weight to 
have been a gramme giving a certain deflection of the needle 
from its normal position. Now let us suppose we carry our 
needle to some othe1 planet, Mars, where the magnetic strength 
and inclination are the same. Let us again attach our weight 
it will then be found that our weight will not deflect the needle 
the same number of degrees as before. Why? because our 
gramme weight does not weigh the same on Mars as on the earth 
If, however, we had expressed our gramme not as weight but in 


ibsolute units of mass and acceleration we would have been pre 


pared to launch anywhere in space and make comparisons with 
any other force. The fundamental units generally applied are 
length, mass and time. Weight as we understand it on the 
earth, is simply mass under the accelerating influence of the 
earth, which as vou know its about 32 ft. per second per second, 
or about SO centimetres. As soon as we leave the earth, weight 
loses its significance, while mass remains. So that if we provide 
ourselves with a unit-length, a unit-mass and a unit-time we can 
traverse not only the whole earth but the whole universe and 
make observations which are strictly and directly comparable. 
As unit of length is taken the centimetre, as unit of mass is 
taken a centimetre cube of water, called a gramme, not of weight 
but of mass, and as unit of time one mean-time second. ‘Together 


they are spoken of as the C. G. S. system of units 


I trust this brief digression will show the use and desirability 
of expressing magnitude,— intensity in this case —in absolute 
units 


To return now to the method of measurement of the intensity 
of terrestrial magnetism. 

In an address on ‘‘ Gravity ” a vear or so ago, I showed how 
the intensity of gravity was measured by noting the time of 
oscillation of a pendulum ; the greate: the gravity the more rapid 


be the oscillations. Gravity is continually striving to pull 











Now if we suspend a magnet by a fibre so that it it free to 
move horizontally it will place itself in the magnetic meridian 
If we displace it from this position, 7. ¢., displace the poles sym 
metricall vith reference to their zero position, the mavneti 
for icting as a couple will force them back, the potential energ 
it th ints of elongation or amplitude of the displacement is 

‘ 4 1 ¢ . + +} : lt } t byt 
ouverted into kinetic energy, with the result that we obtain 
oscillations of the magnet, quite similar to the oscillations of a 
pendulum The magnetic strength that comes into play in pro 
lucing these oscillations is composed of two parts, that of the 

+ 1 +1, ] D4 r ] , + t+ #¢h t +) } 
magnet and the horizontal component of the earth, that is, the 


In our next operation we will deal with these same two 








quantit uit im aé different manner. We will match them 
vainst each other We will use the same magnet that oscillated 
ind get it to act on another and suspended magnet which is, of 
yurse, under the influence of the earth’s magnetism : we shall 
observe how much the suspended magnet is deflected from it 
iormal position when the deflecting magnet is at a given distance 
from it and in the same horizontal plane These observations 
ire ma on each side of the deflected magnet, and at different 
listances Suffice it to say that such observations give us the 
ratio ind as we have found the value of the product, the 
value of // is readily found is is the horizontal component 
of the earth's magnetic int ind the total intensity is // 
Si #, or the horizontal intensity multiplied by the secant of the 
inclination 
This apparently finishes our determination of the magneti 
elements ;: we have found the d ination, the inclination and the 


intensit We seem to be sailing now in smooth waters with out 
captive data yut, alas there are breakers ahead We have 
noted the time of the dav, month and year when our observations 
were taken We repeat them at the same place but at adifferent 


a ; 
time ind we hind differences trom the tormer values 
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be confounded with the annual change which is the progressive 


hange in a year due to the secular variation. This annual vari 
tion is a negligible quantity, as the declination is affected in gen 


eral by less than a minute of arc 


ee 2 
And last 


ly we have disturbances of the liagneti« elements 
hat are quite apart from terrestrial magnetism and about which 


we know very little outside of the phenomenon itself 


Unheralded they come, agitating the magnetic instruments 


g 
not only at one place but the world over, to a greater or less 
degree, and disappear as mysteriously as they came ver since 
the periodicity of sunspots was established, their subtle influence 
was connected with these magnetic disturbance or storms ; and 
undoubtedly there is more reality than simple plausibility in this 
fonnection What really happens on the sun we know not 


although he is the dispenser of all life on this earth and of nearly 


all terrestrial phenomena Various theories have been promul- 
vated but as vet none satisfactorily It is obvious that in these 
magnetic storms we have a magnetic field superposed on the 


‘arth’s magnetic field, and as we have seen that a magnetic field 


may be produced by electric currents we are led to assume them 
to be the cause of such storms Of the various theories may be 


mentioned that of Nordmann who suggests Rontgen ravs from 


the sun, and hence the solar and terrestrial phenomena would be 
almost simultaneous : that of Birkeland, who believes the expla 


nation to be found in kathode rays, the terrestrial phenomena 
following the solar in a few hours, and that of Arrhenius, who 


sees in the negatively charged particles shot out by the sun, the 


listurbing factor In the latter case the interval of transmission 
to the earth might be two davs or more As you know, the 


Routgen rays are not deflected by a magnet as are the kathode 


ays, hence we would expect the latter when approaching the 


earth to be deliected or bent We mav accept the general view 
] 
l 


that magnetic storms are produced by an outflow of solar energy, 


principally from sun-spot areas, while faculz, solar outbursts and 


protuberances must not be overlooked Whenever the earth is 


+ 


immersed in these jets or streams, a magnetic storm follows 
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The manifestation of the latter has been hitherto considered 


simultaneous over the whole earth. Dr. Bauer, however, on 


close examination of the records finds an appreciable time-differ 


ence He says: ‘‘ The abruptl 


ly-beginning ones, in which the 
h more 
though often at times westwardly, at a speed 


effects are in general small, are propagated over the eart 


often eastwardly, 
of about 7000 miles per minute, so that a complete circuit of the 
bigger and 


earth would be made in 3! to 4 minutes. For the oo 


more complex magnetic disturbances the velocity of propagation 


may be cut down considerably.”’ 
As these storms are essentially a solar phenomenon while 


here is the chief seat of terrestrial magnetic disturb 


the atmosp 
we must look to the study of the sun, to a thorough investi 


inces, 
gation of its constitution, of its activities, of its daily routine 


how it applies its forces day by day, month by month and vear 
‘se things we shall then be in a posi 


th. We 


by year When we know the 
to interpret the manifestations thereof on our eat 


1 what solar emanations excite and stimulate 


the existing electric currents of our atmosphere. We naturally 
turn, therefore, to Mt. Wilson, California, where, under the 


f the Carnegie Institution, Professor Hale and his able 


luspices of the og 
staff are carrying out solar research on so large a scale and in so 
We should, after the work has been carried 


th yrough a anne! 


‘ra sun-spot period of 11 to 12 vears, be considerably 


nearer our goal of positive knowledge regarding the disturbances 


of the quasi-permanent magnetism inherent to the earth than we 
; ee sg ee eee =z ae 
ire at present Che perplexity of problems gives zest 
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Ihe day was the simplest of all calendar periods. Some ot 


} 


the most civilized nations of antiquity had no hours, but only 
such divisions as were understocd by the terms ‘‘ dawn,’’ ‘‘ fore 


noon,’ ‘‘afternoon,’’ ‘‘twilight,’’ ‘‘evening,’’ and the four 
watches of the night. The ancient Greeks divided the day and 
the night each into twelve equal parts and, as the parts were 


variable in duration, according to the season of the vear, the. 


aD 


were called temporary hours, summer hours, winter hours, etc 


The Jews had hour divisions for the day, but many of th« 
incients had noi 

The origin of the week is obscure We cannot find any 
iccount of its beginnin It was probably, at the first, regarded 


is a quarter of a moon, and there is little doubt that this was its 


rigin. The moon was a conspicuous object Its motions were 
regarded as sacred Its phases were observed by everybody 
Naturally, one way of describing them was by stating what 
fraction of the disk was illuminated on any particular night 
They did not understand the progressive increase and decrease 
of the moon's bright face, and had not, like the moderns, lost 
their interest in lunar phenomena 

Manvy of the ancients had no week in their calendar The 
Greeks, for instance, had none, nor the Romans till after the 
reign of Theodosiu In fact, our own forefathet owed th 
vet om the orientals and gave its days the n s of their own 
deities. The peop of the East num ‘ th ivs of the 
week The Romans, who had no week, numbered the davs of 


he month backwards from the calends, the nones and the ides 
Phe beginning of the day has varied with different peoples. 


Phe Chaldeans reckoned their day from sunrise 


g 
eek has also varied The Egyptian week began with Saturday 
the Hebrew week with Sunday Are we sure that the Jews in 
langing the beginning of the day and the beginning of the week 
l not also change the identity of some of the davs Is our first 
lay of the week in this twentieth century the same dav as was 
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daysinto 91 four-day weeks. In that case, the time-table would 
have been written in part 


24 hours one day 
{ days one week 
7 weeks one month 


15 months one vear 


Or they might have preferred 2S thirteen-day weeks, with a mid 


week holiday Then the table would have proceeded as follows 
24 hours one day 


13 davs 


one week 
4 weeks one month 
7 months one vear. 


Even this would not have exhausted the 


| measures Of so 


con 
venlent a year Knowing the period of the earth's solar revolu 
tion as exactly as we do, 1f we were making the calendar de noi 


retail our seven-day week and 


establish a 
S-dav mouth, leaving the extra day of the common year with 
the leap vear day outside the week altogethe somewhat like the 
five extra-month days of the ancient Hgyptians, or the sixty 
simular days of the early Romans In such a vear, Sunday 
would fall on the Ist, Sth, 15th, and 22nd of each month and all 
other week-days in corresponding rotation 
The simple recurrence of days and dates in perpetual uniform 
relation makes such a calendar very desirable liven the moon 


would then vary more regularly in 


relation to the month than 
now, but the whole vear would be constructed on a solar basis 
It would not matter when the extra days were intercalated 
Ch might be made New Year's day and leap vear day, tl« 
first and last davs of the vear, and have a festival character, giv 
ing th ip vear dav a highly 


religious significance 


Such a calendar was proposed in a paper which Ippears 12 
the TRANSACTIONS of the Toronto Astronomical and Physical 
Society for the ir IS95, on pages 5-72 The suggestion, then 
ma or the first time, has been proposed since in a modified form, 
but nothing can be do t 





Calendars, Ancient and Modern 177 
gram containg the initials of the four signs of the zodiac which 
at that date marked the four seasons. This monogram was used 
thousands of vears afterwards by the Shemitic Assyrians They 
recognized the sway of the sun and laid much stress upon the 
seasonal changes 


\l] Babvloniat 


B.C. 2210)) show a fixed calendric system and a year beginning 


ocuments from the time of Hammurabi 


with Nisan It has been suggested that, as the spring equinox 
corresponded, prior to Sargon’s time, with a different zodiacal 


1 \’ 


sign, it is possible that Nisan was the first month of winter when 


the calendar was made, and that season, and not the spring, may 
have then been regarded as the first of the vear, as it is with us 
Of this we can find no conclusive evidence Much documentary 


testimony exists showing that the Greeks of an early date knew 

that the equinoxes move aleng the zodiacal belt 

Chere is little doubt that most of the early people established 

the vear on a sidereal plan, thinking that such a system would 

, : . } ah ] - + +}, | -. | 

uso correspond with the seasons Phe makers of the calendar, 

not knowing that the seasons change their relation to the stars 

as the centuries pass, supposed that in making the vear begin 
\ e, Ptiae re bindi | ean’ roe 

1 Nisan, thev wer Nuding that month permanently to the 


' ] 7 1 + . 
particular equinox or solstice then corresponding to it 
I I 


The Accadian months are lunar, vet their names show also 





a sidereal relation Bar zig-gar, the Nisan of Accad, and out 
March-April month, signified the sacrifice of righteousness ’ 
and the corresponding zodiacal sign was the ram, an animal 
much used in sacrifice. The Egyptians also introduced their 
sacred vear with the spring equinox and the Aries sign. They 
too venerated the ram The great temple of Amen-Ra at Thebes 
was approached through an avenue of ram-headed sphinxes 
Did th ind th sphinxes in the Ss, or was the Egyptian 
ram transferred to the zodiac To a modern observer, the latter 
proposition is the more likely Khar-sidi was the second Acca 
dian month Che wo means the propitious bull Taurus 
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twins Gemini Is its sign It is, therefore, very clear that 
these months were named with reference to the stars 


‘oyptians had both a civil and a sacred calendat 


Their civil vear was solar and their sacred vear sidereal The 


former consisted of twelve months of thirtv days each, with five 


davs added at their close to bring the days up to 565 The 


¢ 


French Commune adopted this system nearly 4000 years later as 


the best the world knew, even then Not knowing the period 
of the earth’s solar revolution, nor even the fact that it made such 
| 1: ¢ ‘ 1 } 
a journey, the Kyvptians took no account of the hours, minutes 
and seconds which, as we know, complete the period 
he Nile dwellers fixed their great feast, The Festival of the 


his gave it a seasonal or solar relation Their civil vear began 
with Thoth in the autumn, a1 the Hebrews adopted the same 
season for the beginning of theirs The Egyptian sacred veat 
was sidereal, and Aries marked its beginning In this also thes 
were followed bv the Israelites 


thev we nmanded to regard the month Abib, then just begun 
is the beginning of months” that is as the first month of thie 
vear Phi ronth is Nisan and was so called after tl Bab 
lonian iptivitv. though most of the other Hebrew months 
recel 1 Syrian names 

The Jewish ir has alwavs been, like that of the Babvlo1 
ians. one of twelve lunar months and one intercalary month 
added, when necessary, to keep the vear in proper relation with 
the seasons At first the embolismic vear was added once 1n 
about every three vears. In later times, seven months were 
introduced in the course of every nineteen years 

There vidence of the luni-solar nature of the Hebrew 
calend n their earliest literature \nd God sat let there 
be lights in the firmament of heaven to divide the day from the 
night, and t the be for signs nd for seasons ind for days 
ind years \nd God1 le two great lights the greater 
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light to rule the day, and the lesser light to rule the night. He 
made the stars also.’’ 

Where new moons were sacred, it became a matter of much 
importance to note the time of their appearance. A « 


ancient Israel learned the time from signal fires upon the hills, 


or from runners who carried the news out from the large cities 
over the surrounding country If there was any doubt of the 
day on which the thin crescent of the new moon appeared, it was 
necessary to keep two days that the right one should be observed 


at all hazards 
A new moon was never to be observed on a Sunday, a Wed 
nesday, or a Friday If a dweller in Zebulon, for instance, went 


out at night and saw the signal fire burning on Tabor’s summit 


he immediately proceeded to keep the feast of the new moon 


If, however, the day was the first, the third or the fifth, he kept 


following day If a runner came to his house and told him 
that the silver crescent had been seen after noon and before sun 
set, the following day which began at sunset was the ‘‘ new 
moon” dav, unless it was one of those on which a new moon 
was not to be observed, in which case the dav following it was 
ke pt 

The embolismic month of the Jewish year is intercalated 
vefore the month Adhar, the last month of the sacred vear, the 
month immediately before Nisan. The Jewish common veat 
had three forms 
1. The ordinary or regular common vear of 554 days 


2. The imperfect or defective common year in which the 


third month, Kislev had only 2!) instead of 50 davs, and the veat 


had 555 davs 

o>. The perfect or abundant common vear of 855 days, in 
which the second month, Marhesh-wan had 30 instead of the 
usual 29 days Sinilarly, there were three embolismic vears 
corresponding to these and consisting of 384, 383 and 38) davs 


The Jewish calendar, like all religious institutions with fea 
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Oo 


tures peculiar to themselves, is assured of perpetuity as long as 
the religious system endures which gave it its origin. When all 
separating walls are broken down, when the races and their insti 
tutions are all thrown into the melting-pot and the pure gold of 


humanity issues refined and unified into one homogeneous expres- 


} 


sion of life and its highest uses, who can tell whether there will 


be more or the Jewish or of the Gentile institutions in the new 


egime : 
The ancient Arabian calendar was purely lunar. Its year 
misisted of 12 lunar months with no intercalation te keep them 
In constant seasonal relation Their vear retrogressed through 
the four seasons in about 32!) vears \rabian or Mohammedan 


vears are arranged in cvcles of thirty, nineteen of which are com 


o- ’ ‘ , 1 
mon vears of 504 davs each, and eleven are intercalaryv vears with 


in additional day appended to the last month This brings the 
average duration of the Mohammedan menth to within 2 


seconds of an astronomical mean lunation, an error which would 
wnount to a day in about 2400 vears 

The pilgrimage to the Kaaba took place in early times in the 
last month of the vear Necessarily, this pilgrimage would take 
place 11 days earlier at every recurrence. When it fell so early 


as to come before the harvest, the pilgrims had difficulty in getting 





enough food for their journey The d: of the pilgrimag: 
could not be changed, being too sacred. The calendar was 
therefore, modified by a process which made the vear luni-solar 
ind brought the pilgrimage always in the autumn. 

Four of the Mohammedan months were sacred Thev were 


the first, second, seventh and twelfth. Three of the sacred 
months being consecutive, the fierv-hearted Araks could do no 


iting for the whole period of three months till Mahomet came 


t 
to the rescue and interpreted this restriction as meaning that 


they could only fight with Mussulimen in these months He then 
led an expedition against the heathen himself, and the situation 
was no longer intolerable 
‘| like nearlv all the eastern nat 1, Ee ae 
Ciina, 11kKe nearivV a 1 the eastern naticns, has a lunar caiend 


‘ 


The months are alternately 29 and 50 davs iu duration, and begin 
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when the moon is between the sun and the earth, ‘The year 
begins and ends when these three bodies are in the same relation. 
The Chinese add a thirteenth month to the year after every thirty 
lunations. Sucha plan does not keep the year in consonance 
with the seasons, therefore instructions have to be issued relat 
ing to planting, reaping, fishing and hunting. This accounts for 
the great bulk of the Chinese almanack, which is said to have 
the largest circulation of any book in the world. 

The almanack for the vear which closed February 9th, 1510, 
shows that vear to have had 13 months, a first month, a second 
month, an intercalary second month, then a third, fourth, fifth, 
etc., to the last, which is considered as a twelfth, but is in reality 
a thirteenth month. As the intercalary second month of that 
year contained only 29 days, the whole vear contained 383 days. 
The common twelve-month year contains necessarily 354 days. 

In ancient times, the Chinese years were named after certain 
animals. Even the hours were so named. A Chinaman will 
sometimes even yet tell you he was born in the ‘dragon year or 
in the dog vear. Clocks are still running which strike the hour 
of the rat or the horse. Ixpressions such as ‘‘ before horse ” or 
‘after horse” meaning before or after noon, were in use Noon 
was ‘‘full horse’’ in the old days. 

The Chinese have devised a most ingenious clock which is so 
explicit that the observer may see, for instance, on its dial that 
he is looking at a Chinese clock in the first hour of the first day 
of the first month, which consists of 29 days, of the 48th year of 
the 76th cycle of 60 vears, which is also the 2462nd vear of Con 
fucius, the third vear of the Emperor Hsaun Tung, the 4548th 
vear by the sexagenary system, the 460S8th from the time when 
Hwang Ti ascended the throne, and which corresponds most 
nearly with our vear 111 

The Chinese hour has 120 minutes, the noon hour being the 
period between 11 a.m. and 1 p.m. of our time. This is the 
horse hour of the ancient calendar. The time from 11 p.m. to 
l a.m. isthe rat hour. Half of these hours was a.m. and the 


other half was p.m 
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A notable contribution to the calendar was made when the 
Athenian astronomer, Meton, observed that 235 lunations corres- 
pond in duration almost to an hour with the period of 1 solar 
years. In fact, there is only 1°5 hours of difference between 255 
lunations and 1‘) Julian years. It may help us to understand 
how some of the ancients arrived so near to final truth respecting 
heavenly motions, if we remember that, long before the time of 
Meton, some Babylonian sage had discovered the Savos, a cycle 


consisting of 6585 days and 8 hours, during which period there 


g 
are 225 lunations. The period consists of 18 Julian years, 
10 days and IS hours. At the end of this period all eclipses are 
repeated nearly as before. The computation of eclipses and all 
recurrent luni-solar phenomena was much simplified by the dis 


covery of this evcle. 

The practice of intercalation is common to all calendars and 
is necessary in order to make the vear solar and seasonal The 
Aryans have always been more disposed to favor the solar, the 
Semites, the lunar, division of time. ‘The moon loses sway over 
intelligent people, while the uninstructed still tend to regulate 
} 
i 


their times and seasons under the guidance of the lunar phases, 


The Hebrews are immensely clever but the progress of a race 1s 
sometimes inhibited by its traditionalism. 

A few words as to our own calendar. Our day names were 
derived from the Scandinavians. The week came to us from the 
Jews, the month and the vear from the Romans. No institution 
was ever more subject to whim and caprice than the Roman 
calendar The ten months of Romulus became twelve unde1 
Numa, who added January and February. The year was now 


} 


one of 354 days, having 12 months of 29 and 30 days alternately 


Then aday was added to make the number odd because odd 
) 


numbers were accounted more propitious. A month of 22 and 


2°35 days alternately was intercalated between the 25rd and 24th of 


February in every second vear The average number of davs in 
the vear was now 5366! Later the intercalary month was 
omitted in every 24th vea This made the vear average almost 


1 
Solat 
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After this, the priests seem to have had power to increase or 
diminish the days of any year at will under any plausible pre- 
text. Their plan was to postpone an event or hasten it without 
changing its date. They intercalated days at will. No one 
knew just when a year would begin or end. ‘This continued till 
Julius Ceesar found the year A.U.C. 707 so disordered that it 
was necessary to add two months, though it was already a year 
of thirteen months. He thus made it a year of fifteen months 
being 455 days. 

The average year was now fixed at 565!4 days by giving the 
odd months 31 days and the even ones 350 days. The exceptions 
to this rule were the common vears when February had only 2!) 
days. Even now the priests seemed not to have enough intelli 
gence to carry out Czesar’s orders and their mistakes had to be 
corrected in the next reign. sut Augustus, wishing to be 
accounted a patron of science, imitated Julius Czesar by having 
August named in his honor as July had been named after his 
predecessor. But August had only 50 days and July had 31. 
Why should the month of Augustus be briefer than the month of 
Julius. This was an indignity not to be suffered, so another day 
was taken from the already long-suffering February and added to 
August. Then, that there should not be three 31-day months 
in one quarter, one day of September was pushed on into Octo 
ber, and the 3lst day of November was pushed on into Decem 
ber and, lo, we had our calendar. It has always been called the 
Julian calendar, but if the great Caesar had known what anoma- 
lies his successor had introduced, he would have disowned it, and 
the least the world should have done was to have restored the 
Julian calendar to the state in which Julius Ceesar intended it to 
remain. ‘This should be done now and without the least delay. 
The Julian calendar is clumsy enough with all the improvement 
of the Gregorian reforms, without the silly meddlings which 
have made it a curio for all time 

The Gregorian amendments to the calendar are described in 
a thousand books, almanacks and cyclopedias, and though a 


worthy and helpful reform, need not be explained here. Just 
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this observation, however, may be made. We speak of the Julian 
and Gregorian calendars. Ccasar and Gregory were the instru 
ments by which these were adopted, and are to be commended 
Perhaps, it is well to remember, however, that the astronome! 
Sosigenes was the author « 


t the Julian calendar and that the 


talian physician, Aloysius Lilius, devised the Gregorian reform 


but died before its introduction 


DARWIN’S TIDAL THEORY 
By A. J. DeEmMpsTI 

N any treatment of the subject of the evolution of stellar sys- 
tems, ‘* Darwin's Tidal Theory ’’ rightly has a place. For, 
although it is now about thirty vears since the basis for the con 
siderations that go under that title was laid by Darwin, vet those 
considerations still have weight in all theories of cosmogony. 
The Theory is fundamentally not a /Acory at all, but the drawing 
of attention to actual phenomena ; and even if the Laplacian idea 
of a contracting nebula leaving rings behind is to be abandoned, 


vet the facts which Darwin first discussed must still be considered 


and applied, perhaps in fields not at first contemplated. In 
ecent vears the Theory has been attacked strongly, and it is 
interesting to see } it has stood under thes ssaul Als 
Interesting to see how it has stood under these assauits ALISO 


1 


the historical side is full of interest, for here especially we see 
how apparently insignificant phenomena may be suggestive of 
IMiportant processes 

The Theory commences with a consideration of the results 
which must follow from the fact that the tides are continually 
passing across the oceans. If Professor Leacock were an astrono 
mer we might suspect an element of satire in his humorous sketch 
which gives the ‘‘ Remains of Astronomy ” that an educated man 
is supposed to carry around with him: ‘‘ Astronomy teaches the 
correct use of the sun and planets. These may be put ona frame 
of little sticks and turned round. This causes the tides, etc 
l‘or if we look at our map which has been constructed from tidal 
observations taken all over the world we see how very different 
the phenomena are from the simple idea of two ‘‘ bulges ” follow 
ng each other around in regular procession. There appear to 
be several centres about which the tides circle; at some places 

| 


they move fast and at others slow ; while at some places the tides 


Ll 


1 


sweep backwards. We may judge how far the simple theory is 
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inadequate when it has been suggested that the tides may in part 
be due to the crust of the earth rocking a little; or that an 
important consideration may be that certain parts of the ocean 
are of the proper depth to oscillate in unison with the disturbing 
force, thus causing great oscillations which disturb the ocean all 
around. 

But this is aside from our subject. We are directly con 
cerned with the fact that the tides are constantly sweeping across 
the oceans, moving large masses of water, wearing away channels, 
in short, overcoming friction and thus doing work. ‘The energy 
thus expended must come from the mechanical energy of the 
bodies affected. Mr.-W. D, MecMillan* has recently given a 
rough estimate of the amount of energy used up by the tides. 
He estimates that the work being done is equal to about 200 
million horse-power. That is about as much energy as would be 
expended by 40 Niagaras. 

Coming to the basis of our considerations, let us ask, Where 
does the energy come from? and What consequences follow from 
this constant using up of mechanical energy ? As the sun is of 
little account in the matter of the tides, we may consider our 
earth and moon as constituting a system by itself. In this sys 
tem we see that there are three storehouses of energy that may 
be drawn upon. First, there is what we might call the ‘‘ earth 
fly-wheel.’’ Just as energy is stored up in the fly-wheel of an 
engine, so energy is stored in the rotation of the earth on its 
axis. We can calculate roughly the amount of this energy. 
The earth is so large and rotates so rapidly that the energy comes 
to an enormous amount. If we took away energy from it at the 
rate at which tides do work, or at the rate of 40 Niagaras, it 
would not run out for 44 billion years. No wonder the problem 
of making the earth do all our work has always appealed strongly 
to the imagination of daring inventors. If the energy were used 
in warming up the earth itself, the temperature would be raised 
about 170° Fahrenheit. 

But this is not all the energy in our earth-moon svstem. 


° Py wtions of the Carnegie Institution Washingto N 107 7! 
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Energy is also stored in the revolution of the moon about the 


earth. We might call this the ‘‘ moon-fly-wheel The energy 
heré is about one-sixth that in the ‘‘ earth-fly-wheel. Again, 


there isa third source. Energy is stored in the actual position 
of separation of the two bodies. For if we have two bodies 
joined by a stretched spring, work may be done by the spring 
pulling them together. Thus here the pull between the earth 
and moon makes their position of separatioa a source of energy. 
The energy thus stored is twice that in the ‘‘ moon-fly-wheel,” or 
about one-third that in the rotation of the earth 


We might compare the earth to a young man with three 


sources of income. ‘The young man has.a large bank account of 
his own, corresponding to the earth’s rotation. He has a rich 
uncle, the moon, who can supply him with money the orbital 
energ\ His uncle has also, corresponding to the separation of 


the two bodies, put a large sum in trust for him. The young 
man is very extravagant and the question is, ‘‘ Where does the 
money come from ? Our metaphorical young man is not free 
to do as he pleases. We shall see that he draws on his own bank 
account, and also borrows from his uncle, but that the total is 
more than he wants and so he puts some of it away with the 
amount already in trust for himself. That is, the effect of the 
tides is to take energy by slowing up the rotation of the earth 
and the revolution of the moon, and to store a part of thisenergy 
by ‘shoving’ the moon further away. 

Before the time of Darwin, it was thought that the chief 
effect of the tides was to slow up the rotation of the earth. Thus 
Kant and Laplace had explained the fact that the moon always 
keeps the same face toward the earth, by saying that tides raised 
in the moon by the earth long ago had completely stopped its 
rotation relative to us. Darwin showed that, besides this effect 
there were others of much more interest. 

It is not possible in this paper to do more than indicate 
results of investigations, but we are all familiar with the two 
principles on which is based the solution of this problem. One 


is Kepler's third law, which tells us the connection between the 
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distance of the moon and the period of its revolution, viz that 
the square ol the periodic time varies as the cube of the distance; 


so that, if the moon moves out further, the month will be longer 


id the energy of the moon’s motion will decrease. The other 
principle is what 1s called the law of the consevation of areas o1 
of moment of momentum. Kepler's second law for the motion 


f planets and comets states that they sweep out equal areas 


ibout the centre of attraction in equal times. ‘This second prin 
ciple is an extension madz by Kuler to the case where we have 
any number of bodies moving free from external influence It 
we divide them up into equal masses, then the sam of all the 


areas swept out by the radi to each one in a certain time 1s 


always the same Thus in the case of a contracting nebula 
When it is very large, the radii out to the masses into which we 
may suppose it divided are very great, and thus large areas are 
described with slow rotation But as it contracts, the radii all 
shorten, and so the masses must move around faster and faster 
in order to keep the sum of the areas described the same. Simi 


lar reasoning explains why the water in a funnel rotates faste1 


and taster as it comes down to the narrow neck. 
hese two principles solve ee tae 1 oe pe 
hese two principles soive our problem, le t1des siow up 


the earth, the masses in the earth describe smaller areas in a cer 


tain time, consequently the masses in the moon must describe 
larger areas To do this, the moon must move further away 
for, remembering the first principle, it could not go faster a1 

stav at the same distance. Stated in a formula, the tides take 


away moment of momentum of rotation and increase the moment 


of momentum of the orbital motion of the bodies about each 


other 


Let us make some applications of the principles just dis 


cussed First, consider the earth-moon svstem Looking fe 


wards we see that the moon is gradually getting further away 
But let us look backwards. The path is really a spiral winding 
closer and closer as we look further back. We might think that 
we went far enough back we should find the moon in 


t + 
1 contact 


\ 


with the earth. But such is not the case, we can come ver. 
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close, but not to actual contact The energy is getting greate1 
as we go back, but there is a position in which the energy is a 
maximum, and the tides could not have produced this condition 
yr the ilwavs decrease the mechanical energ. This critical 
ondition is of great importance for the theory The surfaces of 
the earth and moon are then about 4000 miles, or about the 
radius of the earth apart. They revolve about each other in from 
two to four hours, always keeping the same face toward eacl 
ete 
\ though we ire able to tell qu € i¢ urate ly vhat this criti 

cal state might have bee: ve are not able to s 1 rate tor the 
levelopment, for the rate depends on the viscosity at each point 
n time, and on other factors which we do not know Tidal fri 
tion at present, we have seen, 1s verv small; the estimated 200 
million horse-power would take 44 billion vears to use up the 
‘nergy in the earth’s rotation. But it is not likely that this was 
ilways the case (JSeologists demand, at least 109 million vears 
for the geological processes to have taken place Looking much 
before that, on the old ideas we find the earth hotter and hotter: 
then molten The tides in the viscous earth would be much 
more effective than now ilso the tides vary inversely as the cube 
of the distance, so that it is not necessary to sul pose the evolu 

tion to have always proceeded as slowly as at the present time 

Darwin* gives the following summary of his theory of the 

development of the moon from the critical configuration 

| r Vas rotating er ‘ 1 i 
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satellite Che initial configuration of the two bodies is such that we are almost 
ympelled to believe that the moon is a portion of the primitive earth detached by 


rapid rotation or other means. 


Here mathematical reasoning ends and we are out into the 
region of speculation. Darwin thought of the earth as being 
formed from a condensing nebula. He suggested that when the 
earth had contracted so as to be rotating in a period of from 
three to four hours, it would be almost unstable, and that 
an exciting cause of a break-up might have been the tides raised 
by the sun. The natural period of oscillation of the earth ina 
molten condition is from one and one-half totwo hours. If the 
the earth rotated in from three to four hours, the tides would be 
equally timed with its natural oscillations, and we would have 
the phenomenon of resonance. Large oscillations might arise 
which would disrupt the planet. We must imagine a part to be 
detached and hurled to a distance, at least, greater than 4000 
miles. Then we must suppose the earth to rotate faster than 
the new-born moon revolves in order that tidal friction should 
work in the right direction. The tides would then cause our 
present svstem to develop. 

Darwin also worked out, at this time, the way in which the 
eccentricity and inclination of a satellite’s orbit would vary under 
the action of the tides. It was necessary to make assumptions 
as to what viscosity was present in the earth; but, summing up 
his investigations, Darwin states: ‘‘ If we postulate a sufficient 
lapse of time and that there is no resisting matter throughout 
space, a svstem would develop from a primitive planet strongly 
resembling our own.’’ With regard tothe eccentricity, he found 
that, under certain assumptions as to viscosity, if the moon's 
orbit had any eccentricity to begin with, the effect of the tides 
would be to make it more elliptic. 

Looking forward into the far distant future. we may 
prophesy what the ultimate fate of our moon will be. The tide: 
will continue to slow up the earth's rotation till the earth turns 
round in the same time that the moon revolves around the earth 


The two would then revolve about each other, as though connect 
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ed by a rigid bar, in 55 of our present days. But this is not the 


final state, for though the tides due to the moon will have ceased 
to move over the surface of the earth, vet the tides due to the 
] 


sun will still be present and will slow up the earth's rotation stl 


°o around the earth faster than the 


more Then the moon will 
earth turns on its axis, and the lunar tides will act in a way 
opposite to that in which they now act They will hurry up the 
earth, making the moon move faster and at the same time come 
closer This will continue till the moon ultimately falls into the 
earth, from which it originally started. Even if the time required 
for our development thus far is hundreds of millions of years, 
yet it is a short time compared with the great extent required 
for this future development. 

Let us now turn to see if tidal forces have been at work in 
other parts of the universe It might, perhaps, be thought that 
the planets could have broken off from the sun and wound out 1n 
spiral paths to their present position But the planets are com 
paratively so small and so far away that the tides they raise in 
the sun can have had no influence on their development As Sit 
Robert Ball* said : ‘* The nebular origin of the sun and planets 
sculptured out the main features of our system, tidal evolution 
has merely come into play as a subsidiary agent, by which a 
detail here or a feature there has been chiselled into perfect 
form.’ For instance, the observed fact that Mercury and Venus 
always turn the same side to the sun is easily explained by 
supposing tidal friction to have stopped their rotation. Japetus 
the eighth satellite of Saturn, always presents the same face to 
the planet, just as our moon keeps the same side toward the earth 
Mars rotates more slowly than its nearest satellit Phobes 
revolves. This moon is too small to have any tidal effect on 
Mars, so we may explain the rapid revolution by supposing the 


1 


sun to have slowed up Mars till it rotated more slowly than the 


moon revolved We may apply the same reasoning to the inne 


} } 1 
I 


edge of Saturn's ring, whi 


. 1 1 1 
1 revolves fast Nan the planet 
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rotates. Professor Moulton,* however, has pointed out that the 
tides do not remove all the difficulty in the Laplacian idea that 
the planet was once a regular nebula extending out to the 
satellite. 

Darwin also suggested a reason for the earth having a special 
type of moon ; for our moon is relatively large compared with 
the planet and the only one that could have separated from the 
planet under the influence of tidal friction. On the nebular 
hypothesis the moons are formed from the mass which is con 
tracting to form a planet, by part being detached under the rapid 
rotation. What would be the effect of the tides raised in these 
contracting planets by the future sun? Those far out would be 
only slightly retarded and so we should expect many moons. 
The retarding influence would be greater in the case of Mars ; 
thus, the nebula might contract very much before the speed 
would make the casting-off of a moon necessary. As vou remem 
ber, Mars has two very small satellites which revolve verv close 
to the planet. Next comes the earth. Within the earth’s orbit 
Venus and Mercury have no satellites and present the same face 
tothe sun. ‘The earth in its cooling should have been retarded 
more than Mars and the birth of a satellite still further delayed. 
This fits in well with the development which Darwin imagined, 
The earth, perhaps, became almost fluid before its rapid rotation, 
combined with the disturbance of the solar tides, caused it to 
form amoon. In this instance, quite a large body was separated 
in accordance with the laws that govern the break-up of a rotat 
ing mass of liquid, not a stray wisp of nebulous matter. Then 
the reaction of the tides raised in these two would cause our 
present system to develop. 

It is impossible for us to considet all the objections that have 
been urged against Darwin's theory as applied to our moon, but 
we may consider one before we turn to double stars. We might 
note that nearly all the objections have to do with the initial 
separation of our moon. We have to get it started, in some way, 
1000 miles from the surface of the earth, and there is a gap left 


* Astrophysical Journal, Vol. X1., 1909, p. 109. 
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in the development, for we cannot trace mathematically the way 
in which a planet would break up You all, probably, remem 
ver how a Frenchman named Roche gave the explanation for 
Saturn's rings by showing that, when a small body revolves neat 
i planet, it is torn to pieces by the tidal strains induced in it by 
the planet. The least distance a small moon can come toa planet 
and not be broken up is 2°44 times the planet’ radius Now 
the moon, when we start it, is within this limit and so should be 
broken up and scattered Jut we must remember that Roche’s 
investigation applies only to small moons and ours isa very large 
one Darwin* showed in ISS7 that the moon would not be 
broken up till it came within 680 miles of the earth’s surface 
Jeans has also shown that if the moon were ‘th the mass of its 
primary it could come to actual contact without being broken uy 
Let us now consider a striking development of the subject 
which brought it into great prominance abcut the vear 186 


Darwin's investigations showed that the effect of the tidal reaction 


was to make the orbit of the bedy affected more elliptical, and 
that the effect was much greater when the two bodies were near) 
equal in sizé At that time Dr. T. J. J. See computed the orbits 


of about forty visual double stars and found that they went round 
each other in orbits that were much more elliptic than the orbits 
of the planets, in fact having about twelve times the eccentricity 

Dr. See applied to them the results of the theory of tidal action 
He wrote: 


worked out by Darwin. 
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Since that time new methods have been perfected for dis 

yvering double stars If we observe the spectrum of a double 
star we notice shifts in the lines due to a component alternately 

ming towards and receding from us, as it goes around its com 
panion. In this way very close double stars have been found 
stars rotating around each other much too close to be seen as 
double in the largest telescopes. Also these spectroscopic doubl 
stars have been found to be remarkably common ; thus Camp 
bell and Curtis found that one in seven of the stars they studied 
was a binary, while Frost and Adams found that for stars of the 
Orion type the ratio was one in three. Wuthin the past year the 
theory that tidal influence has been an important factor in their 
formation has received a strong confirmation. If this theory is 
true, we should expect the effects of tidal friction to show them 
selves most strongly in old svstems. Now we can arrange the 
stars in their order of development by means of their spectrum 


A certain type of spectrum goes with a star that is far advanced 


in its development, while another type goes with young hot stars 


> 


hich presumably have been long subject 


Thus in old type stars w 
idal forces, we should expect to find the components mort 
widely separated with longer periods of revolutions ; also, they 
should have very elliptic paths about each other. This has been 
confirmed recently by Professor W. W. Campbell,* who con 


cludes: ‘‘ The orbits of about 70 spectroscopic binary systems 
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known to date with reasonable accuracy afford confirmation to 
the theoretical conclusions of Darwin, Poincaré and See, as to 
the origin and development of stellar systems 

Professor Moulton* has pointed out that visual binaries must 
have divided when still in the nebulous state He also shows 
that if a star in the liquid state separates into two equal parts 
the two parts can never become very distant frem each other 
We have seen that the tides enlarge the orbit, drawing on the 
itional momentum Our moon was so small that it can be 
forced off to about 70 times the earth’s radius: but if the two 


vodies are equal in mass, the orbital momentum verv soon uses 


up the rotational. It is impossible to consider other possible 
objections, but we should remember that, apart from gravitation, 
tidal forces are the only means we at present know by which one 
star can exert an influence on a companion star In spectre 
scopic binaries which are very close and have periods ranging 
from one and one-half days to three years, these forces must be 
very great Thus Darwin's theory will likely be of great import 
ance in fields not at first suspected 

As a last deve lopment due to the theory, let us very briefly 
consider the conditions under which a rotating mass of liquid 
would break up. This is a fundamental question for Darwin's 
theory of the origin of the mocn and is also suggestive in 
Laplaces Nebular Theory. Darwin turned his attention to this 
subject in the 1880's, and in 1885 Poincaré published a masterly 
paper on the subject We have seen that if a homogeneous 
mass of rotating liquid contracts, it must rotate faster, and we 
might suppose that this increased rotation would cause the 
mass to become flatter, till finally a ring would separate 
around the edge. But such is not likely the case As the mass 


contracts it will rotate faster and flatten up to a certain stage. 
These flattened orange-shaped figures are called Maclaurin’s 
spheroids Up to this stage the figure is stable, that is, if it is 
disturbed slightly it will come back to its original form: but we 


‘ } 1.9 11 


must remember that if it is treated very roughly it will break up 
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At this stage the liquid has two roads open to it \s it contracts 
further it mav theoretically take one path and become flatter 


still up to a certain point where it breaks up in away we cannot 


ic All along this path it is unstable ; that is the smallest 
disturbance is given to it, it will change its shape entirely But 
there is another path it mav tak Instead of performing the 


bove balancing feat, it may remain stable under further con 


traction by changing its shape into an ellipsoid That is, it will 
begin to lengthen and have three unequal axis. These figures 
are called Jacobi’s ellipsoids. In these forms the liquid will really 
not need to rotate so fast as in the previous forms to keep the 
moment of momentum constant As the mass contracts still 
nore, the ellipsoid lengthens and tends to become a cigar-shaped 


} 


eure Atacertain place, however, this form becomes unstabl 


yi 
lightest disturbance. 


~ 


that is, it would be liable to change on the s 
Professor Moulton has calculated that this occurs when the mass 


} rt ° ] lal f eo . } T . 
is about four and one-half times as dense as when the Jacobian 


Planetary form coalescent with 
elongated form, just stabk Flat unstable form 


7 ~\ 
eo 

’ wr 
Limiting Maclaurin figure 

were < 


FIGURES OF KQUILIBRIUM OF A ROTATING Bopy 





Poincaré’s figure 








ae 
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From Darwin's ‘‘ The Tides,’’ p. 


ssoids begin to form At this st > we have a new series of 


age 


ires starting, called Poincaré's figures, which are peat 


haped It is still a question whether these pear-shaped figures 
re stable or not, but Darwin concluded that thev are, although 
nother investigator arrived at the opposite conclusion. As the 


lass contracts still more, we can only conjecture what happens 








198 A. J. Dempster 


perhaps the neck of the pear grows thinner and finally a mass 1s 


letached 


We might say at first that the contracting earth went through 
the series of forms we have traced and that the end of Poincareé’s 
pear was bitten off and formed the moon. But it is possible to 
find the momentum corresponding to each figure, and, as we 


he momentum of the earth-moon svstem now, we can find 


know t 
the figure of equilibrium suitable to this when the earth and 
moon were all in one molten mass. This has been worked out 
recently by Moulton,* and he finds the surprising result that, in 
the original state, the earth could not have been rotating nearly 
fast enough to become as flat as an unstable form. He finds that 
it would not have been so flat as Saturn is now, in fact, that it 
would need to have contracted to one-half the present size of the 
earth before it became as flattened as Saturn 

This is apparently a death-blow to the moon part of the 
theory But it is not so conclusive as it at first sight appears 
We do not know how stable the Maclaurin spheroids are before 
they arrive at the unstable form where the slightest disturbance 
is sufficient to cause them to change; and we must remembet 
that the earth would be subject to disturbances from the sun's 
tides, especially if, as Darwin suggested, they came to be in 
resonance with the natural oscillations of the mass. The whole 
subject of the breaking up of a fluid is still incomplete and 
indefinite, and it is quite legitimate to accept the break-up and 
development suggested by Darwin 

These figures of equilibrium are also suggestive in the break- 
up of a nebula; but we must remember that there are great 
differences, for Jeanst has shown recently that a uniform nebula 
is itself unstable, that if a denser part forms, it will precipitate a 
condensation ; also a meteorite passing through a nebula would 


cause a nucleus to form. Jeans also has made an interesting 


suggestion as to the figure of the earth He supposes that the 
earth is really one of the pear-shaped figures of equilibrium, that 
*Pu t Cart Ins t N 107 15 
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the bottom of the pear forms the ‘‘ land-hemisphere ~ and that 
the top, which has caved in, forms the ‘* water-hemisphere 
Many objections have been raised, especially to the moon 
part of the theory. which we must pass over, but we can see the 
general character of these objections. They do not question the 
existence of the tidal effects but whether they are to be regarded 
of great or small importance in the development of systems. 
Thus the tidal Theory does not depend for its importance on any 
general hypothesis of evolution ; for, besides gravitation, tidal 
influence is the only action by which one celestial body is known 
to disturb anothe In conclusion, we might quote the words of 
Darwin, who is of a type of scientific man that we may trust to 
give a fair opinion of his own work. Writing in 1908 he said 
To me it seems that the theory has rather gained than lost in 
the last twenty-five vears, and I observe that several writers are 
disposed to accept it as an established acquisition to our knowl 


edge of cosmogony 


> 
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“THIS star, a = 7" 37™0, 8 + 29° OF’, photographic magni 
tude 54, was announced * as a spectroscopic binary by 
Reese in 1903. The four measures given about cover the total 
range in its velocity 
During 1907, 1910 and the present year thirty-eight spectro 
yrams of this star have been obtained Numbers 628 and 654 


were made on Seed 27 plates using the Universal Spectroscope, 


lispersion at 47; 18°6 tenth-metres per millimetre ; numbers 3182 


| 
ind 5257 on Sigma plates with a three-prism of the same dispet 
sion ; while numbers 5286, 5309 and 5355 were made on Sigma 


plates with three-prism dispersion of 20°2 ten 
metre. The remaining plates were made on Seed 27 emul 
with the single-prism instrument having a dispersion 
region of 53°4 tenth-metres per millimetre. 


The spectrum is of A’ type and should yield measurements 


with asmall probable erro The probable error of a plate of 
2°17 km. per sec. obtained from our observations is larger 


than one should expect for a star of this tvpe, but there are 
many ways in which this may be accounted for. The use of the 
coarse-grained plates when three-prism dispersion was used, made 


necessary from the faintness of the star; the low dispersion fot 


the great majority of the spectrograms, with consequent blend 
ing of the spectral lines, and the fact that none of the plates 
however poor, have been rejected, may be given as_ possible 
reasons for the large probable error of an observation Reese's 


comment upon the spectrum, in announcing it as a binary, was 
Numerous lines, hazy vet trustworthy 

An attempt was made to measure the plates on the 

comparator, which, in the case of stars having many spectral | 


at F | 
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is faster and regarded as more satisfactory than the ordinary 
method. However, from lack of intensity of the negatives and 
consequent diffuseness of the lines, the writer abandoned this in 
favor of the ordinary method. 

The following table contains the data of the measures. The 
phases are reckoned from periastron passage J. D. 2415824°015) 
using the period 11605 which seemed to suit all observations 
best. The residuals in the last column are scaled from the curve 


representing the final elements 


MEASURES OF o0@ GEMINORUM 


Plate Julian Date Phase Ve ty We ght O- ¢ 
25 2417629.606 1°oQdS 75‘0 ) .°S 
054 7943 Oo 15 yO? 33 ) 7°2 
yIS2 87 13 °007 7713 32°] ) 

323 7 25°07 3 | 72°3 37 
3256 7 39°073 Ti°tl4 os } 4°4 
3309 741°604 O°105 42° ) 5 
335 745°605 3°44! 74°5 i) 5 
3970 9067 °753 S“yO9 IS‘! g 14 
3905 $3°755 5° 33¢ 5¢ 7 1°5 
4O22 5071 17°222 Te) j \ 
fO52 10°O33 IS°154 07°3 7 ( 
$047 517 1°403 70'S 5 35 
$955 y 515 2. 4O4 747! 6 73 
7 I 3°OS 5°6O20 5S°S ( | 
jOS 104°719 6°005 $4°3 O° 
pOSQ 6°O41 $°557 aa7 s 4 
p1O2 109°609 TIO1s 10°5 j 
4128 110°00S 12°O14 ) 535 
412 112°O5S7 14°O33 25°3 ‘ 
$134 116°O3I1 18°577 O35°6 ») 

$137 120°642 2°QS 3 79°¢ S 2 *¢ 
144 124°719 7 (Ol 35° 5 s 4 
y155 129°709 12°05 r ( 7 
p162 l 7 13°04! ISO 7 

4173 30°07 1g°OIl 70°7 7 1° 
$177 1 37°597 333 s3°5 6 
pine 138 506 1°326 SOo'o 

tio I41°Org 4$°355 O07°6 7 j 
$202 145°593 $329 27 °6 5 ( 
j211 140°50S Q* 304 1“ S 1°s 
j221 147°63 I 266 S°S 5 
$228 148°599 11°335 9°9 oO 2°4 
$247 151°507 14°333 25°3 ( 

$253 152°545 15.254 pict 7 2°7 
$203 15 3°009 16°345 O's 5 1-4 
4271 155°552 18*258 69°7 } j 
428 1600°506 3697 73°4 5 
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For convenience of reference the Lick observations are given 


OBSERVATIONS AT LICK OBSERVATORY 


R fr 
) Julian D s 
O 
>’ sreRoe-9* : - ( 
) M | , i >? “ft > 4 
4 612S8°7 I ) } 
| O161-7 j ) ? 
I 
A slight increase in the period with the introduction of a 


correction for possible systematic differences in the measures 
would cause the residuals from the curve to become very much 
maller, but the increase of period would affect our second obser 
vation making the residual, already large, much greate1 Hence 
the period decided upon, 19°605 days, was an attempt to equalize 


1ese discrepancies 
With this period the observations were grouped, according 
to phase, into sixteen normal places, and weights assigned to the 


groups which were in general the sums of the weights of the 


individual plates 


NORMAL PLACES 


t i € vv ‘) { 4 () ( 
I 1°379 79°14 «(1°S I ) 38 rey y : ( 
2°457 77°9 D*s ; D7 ? 5 
3407 73°77 5 I 33 5 ) 
g°<S2 07°99 15 4 1°93 ) Ma 
5°47 55°7 15 ‘ 13 ! 7 ) 
6844 13°07 1 10°7 35 2°22 
7 7°933 OSS LS I %° 37 5 5 
‘ & 71 24 I I°s 595 a7 ) I 


The observations are well represented by a sine curve; the 


eccentricity is so small that it cannot be differentiated from zero 
by graphical methods, hence the values of Zand o are indete 
nminate in this way Recourse was had to the method of least 


squares for finding the most probable values of the elements. 


Since the number 


f unknowns remained constant it was assumed 


that the elements which gave the least value for Sfpzvz w 
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the most probable. Several solutions were made using the follow 


ing preliminary values 


P 19°605 davs 
0 
w 270°, 330°, 3605 Preliminary 
7 = J. D. 2415820°752 . . 4°019 . . 5°693 { Elements 
AY 33°79 km 
y + 45°75 km 
A value of 190° gave e negative. The following table 
ca > > 
shows the main result of the solutions. For a circular orbit 
Xp 791 
” mY DdAz 
: -~ es 
33 022 68+ 
3 12 738 


The values of the other elements varied but little 1n each 


solution In none of the solutions did the residuals as obtained 
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by computing directly and by substituting in the observation 
equations differ more than ‘(05 km. Though there is little to 
choose between the various cases it was decided to accept that 
one for which » was equal to 530° as a preliminary value. The 
resulting values of the elements with their probable errors are 


then, as follows 


P 19°605 davs 

“22 ‘OLS 

w S302 15’ 1? OF’ 

A’ O4°21 km DSS km inal 
4 + Aye) l - k G ‘ 

y | km 1 mn Walia: 


' 4 J. D. 2415824-019 
Fe | 34°86 km 
2B 33°56 km 
asin? 9 220,400 km 
The curve shown represents these final values 
Valuable suggestions by the Director, Dr. W. F. King, in 


the course of this work are hereby gratefully acknowledged 
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STEREOGRAPHIC PROJECTION TABLES 
By Orvro k 
| * connection with my paper ‘** Earthquake Epicentres’’ of 
March 6, 110, published in the JoURNAL OF THE ROyAI 
ASTRONOMICAL SOCIETY OF CANADA, Vol. IV., No. 5, the fol 


11 
t 


lowing table is published to facilitate the plotting of the necessary 
lines for determining the position of epicentre. We may re 


capitulate a few salient points ; 


COs © Sill J 
d ’ ? ’ 
sin @ + cos J sind + cos J 
in which J arcual distance (kilometres expressed in degrees 
of the epicentre from the respective earthquake station. J is 


obtained from the time interval S-/, the first and second pre 
liminary tremors, and is given for every second of time in 
Professor Zeissig’s table, based on Zoppritz’s velecity curves, up 
to 12™ 456s, representing 15,000 kms. d distance from centre 
of circle, or plane on which projection is made, to the respective 
stations, and is expressed in units of radius of circle of 1000. 
; radius of circle, in same units as above, described from 
stations as located by d, and on which the epicentre lies. @ — lati 
tude of station. The mcdus operandi is simple. We are supposed 
to be in possession of at least three J’s for a determinate solution 
Preferably the stations selected should differ considerably in 
longitude. Draw radiating lines representing the respective 


meridians of the stations, that is, their longitudes. On each 


1 


lay off its respective d; from the point thus found, describe an 
are with radius 7 Where the arcs intersect is the epicentre 
Its geographic co-ordinates are readily found. ‘The line drawn 


from the centre of the original circle to the epicentre gives 
immediately the longitude of the latter ; and its distance from 
the same centre is equal to tan ! oC d where @, 1s the 


i 
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latitude of the epicentre. I have been using since the beginning 
of 1910 printed forms, something like a protractor, of radius 10 
em., and graduated both ways, in half-degrees, from 0°, repre 
senting Greenwich, to IS0°, so that east and west longitudes 
an readily be laid off. With the help of the accompanying 
table an epicentre can be located in a very few minutes from any 
three of the 27 stations given 

As the distances for J are given at 250 km. intervals, it is 
ery simple to interpolate directly for any intermediate value, 
except for very large values of d andy, The laying-off of the 
ll 


‘spective meridians, as well as of d and 7, should be done with 


all the accuracy permissible. It may be observed that when 


sin @ + cos J becomes verv small, then @ and x» become very 
large, too large for practical application in plotting. For this 
reason these values are omitted from the table They are inherent 


for southern latitudes, as our assumed point of projection is the 
south pole. The case would be the reverse if we were to project 


u 


from the north pole. When J (in arc) isin the second quadrant, 
its cosine is negative, so that we may obtain d negative. In this 

ise d is plotted in the opposite direction from the centre along 
the longitude line produced through the centre, 7. e., backwards 
The values of @ and + were obtained by taking the natural trig 
onometric functions of @ and J to four significant figures, and 
then grinding out the divisions in a ‘‘ Millionaire machine 


The resulting values are sufficiently accurate for plotting 
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Distance ¢ 50° 46’ ¢ 42° 30’ ¢ 6" a2 S 




















1000 250 So 442 Q4 11> 175 

1250 360 11 444 11s 1130 223 

1500 362 134 440 I4l 1150 27° 

1750 64 156 445 165 1163 31S 

200 307 179 452 1gO 1179 300 

2250 309 202 155 214 1197 417 

2500 372 2 459 239 12'S 469 

27 50 370 249 $04 204 242 523 

jOLO 350 273 469 259 1269 55 
384 207 475 315 I 3 639 

3500 2So 321 451 341 

375! 394 340 487 oe 

4000 399 371 495 395 

4250 $05 39 503 423 

15.0% 412 $23 S12 452 

475 419 450 521 451 

50 426 477 531 511 

5250 435 595 542 541 

5500 444 534 554 573 

5750 454 593 507 606 

6000 464 594 551 639 

6250 475 625 590 674 

6500 188 657 O13 7 

6750 501 691 631 745 

70Cc0 515 725 65 797 

7250 530 701 671 525 3107 2920 

7500 546 798 694 871 Ot 3360 
564 8 37 719 Q17 {17 3935 
554 S75 740 964 4959 4725 
605 920 775 1014 
627 965 SO7 1067 

5750 652 IOI! 543 1124 

Q000 679 1oo! SS2 11S4 

9250 709 1113 925 1249 

9500 741 1169 973 1319 

9750 777 1225 1026 13904 

10000 S17 129! 1086 1476 

10250 S6O 13590 1152 1506 

10500 999 1433 1228 1664 

107 5 963 1511 1313 1773 

Tro 1023 508 1411 S95 

11250 1091 1692 1525 2033 

PES 1797 1656 21g0 

(1750 Igl3 ISTI 2371 

i2 2043 1Q9g0 2551 

1225 2189 2219 2531 

i ) 2357 2495 3134 

I ) 2552 2842 3509 

I 3000 2779 3291 3957 
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025 jO4 621 437 Ot I 676 
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7 3 veel 472 7 O55 7 
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SS 00K 612 os6 37 Pa 1073 
S756 626 1003 gds1 5 1128 
( 662 <1 2» SAQ 11S 
g25 690 1103 1077 933 1255 
> 722 1157 11 2¢ Qs2 1325 
756 1215 114 1935 140! 
( 794 1277 1243 Loge 1453 
25 $36 1343 770 £306 dies. 1574 
105 SS2 1415 Sid 1373 124 1674 
75 34 1492 S64 1445 132 1754 
Hot 92 157¢ Qt 1524 1427 TgQ0d 
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7 ae 77 I tes Is! 
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oe ss $52 $17 } 42 } 
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MEETINGS OF THE SOCIETY 





The Librarian reported the receipt of 41 Publications during 
the month of April—10 from Great Britain, 8 from the United 
States, S from France, Belgium and Canada; from Germany 
Spain, ete 1d 

Professor Coleman gave the lecture of the evening on 

Points of Contact between Geology and Astronomy The 
arious theories of the formation of the solar system were dis 
ussed and the points wherein they agreed or conflicted with 
yeological facts were pointed out. The question of climate was 
considered, and the effects upon it of the condition of the atmos 


T ] ] } 1 Pe | ’ y } } 
phere it was stated that Il! irbonic acid gas was more und 
int in the atmosphere than at present, such condition would lead 
to more heat being retained ; whilst a diminution of the quantity 

f } . ] +) 1,] ] ] ‘ ‘ } 
ot irbonic acid gas in the air would lead to a lowering oT thie 
teniperature Chis was a physical explanation of the cause of 
thie ives on the earth, which the lecturer favored. The astro 
nomical explanation based upon the precession of the equinoxes 

] + ] } ; + } 
the lecturer regarded as insuflicient to account for the great 
hanges in the temperature of the earth’s surface during geologi 
cal periods The theory in regard to the solar system passing 
through colder or warmer regions 1n space was mentione but 
regarded as a merely speculative idea 
17, . ’ ren ret thy Py lent ‘ +} « ry . 
/a On reques ie President of he octets Pro 
fessor DeIurv, gave a short account of a visit which he had paid 
to the West Besides delivering addresses on educational sub 
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jects at Saskatoon and Regina, he lectured to the Regina Centre 


of the Society He reported a strong and growing interest in 
istronomy both at Regina and at Winnipeg, where short stop 


was made 


The paper of the evening was by Mr. A. J. Dempster, M.A 
of the University of ‘Toronto, on ‘* Darwin's Tidal Theory 


It reviewed the theory as originated by Darwin and showed that 
t} 


the more recent investigations of Chamberlin, Moulton, Poincare 
and others have not diminished its importance \ full account 
of the paper is given in this issue See page 1S) 


Vay 30 Mr. W. P. Byreh and Miss Florence | 


iyrch, of of) 
Charles St. West, Toronto, were elected members of the Society 


Mr. Tvson drew attention to the fact that the southward 


motion of Venus was very noticeable at this time Being neat 
the bright stars Castor and Pollux, the planet's daily movement 
from these two reference points was quite apparent 
Mr. Elvins reported observing a davlight aurora a few days 
previously ; which appeared as a luminous are without colo 
This was the last indoor meeting of the term until Septem 
her An outdoor meeting for observation, with telescopes, on the 


umpus of the University was announced for June I>oth or 14th 


dependent on weather conditions 

The paper of the evening was on “‘ Calendars, Ancient and 
Modern,’’ by Dr. A. D. Watson. The paper was of unusual 
interest and was generally discussed by the members. It appears 
in this issue. See page 172 

June ry The closing meeting of the session was an open 


ur gathering for observations Four telescopes were provided 


and the large number of visitors were permitted to see Venus, 
Jupiter, the Ring Nebula, 8 Cygni, e Lyre and other interesting 
objec 


bjects. The meeting did not break up until after 11 o'clock. 


a, So 


April 20, 3 p.m., at the Observatory Mr. J. I,. Rannie 


was elected a member of the Society 
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the Principle of Relativity 
Mr. Stewart first gave in outline the theories in relation to 
the propagation of light, both as to the time of traversing space 


and as to the manner of its transmission, the latter consideration 








leading to the invention of the medium ¢// The wave-theors 
of transnussion becomes complicated when bodies are in motion 
ind the question as to the motion of miies relative to the ethe1 
or absolute motion at once suggests itsell 

Mr. Stewart then explained several att mipts to ascertain the 
ibsolute motion of bodies The first is by comparing the 
aberration o oht when a telescope is filled with | ? 
vate! Chis experiment did not agree with theory asthe resul 
vere t same in each case i issul tion that the ether was 
statiol I ll wid ibout the tel SCODE was t sted experiment lhy 
vy noting the difference in the deflection of a ray of light throue 
i prism (1) at rest 2) in motion towards source of light Phi 
result showed no difference at hence the two experiments 
appeared cr itradictor\ 

Fresnel attacked the problem by ass ming t t the velocit 
of ether-drift through a body in motion is different frem that 
relative to the body in free space His formula amounts to thi 
assumption that the refractive index of a substance « pends onl; 
on the density of the ether with By this means he succeedec 

1 reco! ig all experimental facts known at that time 


nussion of light in the direction of motion of the earth and con 
trary to that direction The theory indicated that these times 


should be different, but experiment did not confirm the theor 





Other experiments connected with the same problem were 
perfor d by Lodge Troughton ) Noble the latter men usini¢ 
an electrostatic condenser, thus attacki1 7 itin an entirely differ 
ent wat 

he fact that all these attempts to measure absolute n 1 

] . aA ] 
failed, no matter how varied the « i means doptec 
forced t conclusion that some prit exist bv reason of 
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hich it is impossible to recognise absolute motion. To this we 
iy add the principle (which follows directly from the wave 
heory) that the velocity of light is independent of the motion of 


} 





indamental units of time, mass and length, which we had fo1 
ner considered absolutely fixed, really depend upon the motion 
the svstem considered Moreover, the unit of length depends 
ipon the direction of motion, 7. ¢., the longitudinal unit ditfers 
from the unit transverse to direction of motion 
Finally Mr. Stewart showed how the transformation of 


Maxwell's electro-magnetic equations to the 


orm motion leads to the same general conclusions and to the 
une mathematical equations This transi nation was first 


Kaufmann 


Way 4, § p.m., in Y.M.C.A. Hall Mr. John A. Paterson 


/ 
K.C., of Toronto, gave a paper entitled The Astronomy of 
Shakespea This paper first sketched the astronomical 
theories and s vols of thought before and up to the time of 
Shakespear The Ptolema stem was still believed in by 
many of the able scholars of the time imong them being the 
yreat philosopher Bacon, so it is little wonder that Shakespeare 
shou ilso adopt this system Nevertheless, many passages ot 
ritino 1, that in ' \ xr} t] y } ytrity ‘TY 
2) nes saow that 1n sol Wa whether Dv mtuilion oF 
t . | 4 io ws} “1 t hi if | t many thino 
Onl ual KNOWIeaAY laKeSpeoa4;t iS hinted at man Niwgs 
vhich ha since been proven to be actual facts 
Mr. Paterson’s lecture abounded in quotations from the 
thor to Liiustrate the points discussed Phe lecture was much 
njoved by those present and a hearty tte of thanks was tenderes 
o Mr. Paterson 
1 ¢ 4 . + - \ ’ T it 
Way 23 b.m., att ()}> itor Iessrs. J. Ff. Fredette 
and G. H. Herriot, both of the Topographical Survevs Branch 
Department of the Interior, Ottawa, were nominated tor mem 
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Two papers were presented The first one, entitled Per 
sonal Errors in Meridian Circle Work,’ was by Mr. D. B. Nugent 


M.A., and dealt with the results of transi 


work at the Observa 

Mr. Nugent first reviewed briefly the chief points discussed 
1 a former paper by Mr. R. M. Stewart on the personal error of 
setting micrometer wires on different marks The paper to-day 
was the particular case of setting two parallel wires on a moving 
star By means of the reversing prism the apparent motion of 
the star was reversed, and hence the personal error obtained 
By means of an elaborate series of results Mr. Nugent showed 


the values of his own personal error to be zero and that of M1 


Stewart 0026 when reduced to the meridian, his settings being 
in advance of the star in the case of those stars transiting south 
of the zenith and behind when the transit was north Mr 
Nugent also pointed out that the magnitude of this error expresse 
in angular measure did not depend, as far as might be deduced 
from the results shown, on either the magnitude or the declin 


tion of the stars observed 


In the discussion following this paper Mr. Stewart pointed 


out that in the setting of a single wire on a star the personal 
error did depend on the magnitude of the star; hence the advant 
age ol the two wires in the eveprece 

The second paper, by R. FE. DeLury, Ph.D., was entitled 

Iirrors in the Measurement of Spectral-Line Displacements 

Dr. DeLurv stated that investigators were uncertain as to 
the accuracy of measurements in the third decimal place of an 
Angstrom unit and quoted results of eminent observers showing 
that they agreed only uptothis point. In determing the rota 
tion of the sun, this uncertainty would give rise to an uncertainty 
in the velocitv of sun’s limb amounting to the secend decimal 
place in kilometres per second At Mount Wilson the value 


the second decima 


. ’ ' me 131 { a 
obtained, namely 2'U., would be alfected 1n 
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transit work. By a specially devised double-slit, plates were 
taken and comparative measurements were made by Dr. DeLury 
and Mr. Plaskett of the same line displacements. The compari 
son showed Mr. Plaskett’s measurements to be always larger and 
he differences, about 0°O004 Angstrom unit, were sufficient to 
account for some of the uncertainty referred to above System 
errors of measurement occurred in the cases of some line 
which, if occurring in an actual plate, would lead us to suppos: 
different rates of rotation for the different elements. 

In commenting on this paper Mr, Plaskett said that the 
great difculty in the way of further progress lies in the fact that 
systematic errors and accidental errors are of the same order, and 
only by eliminating the latter as far as possible and by studying 


a great many results can we hope to increase our knowledge 
ogee 
AT HAMILTON 


Vay 712 Mr. Lachlan Gilchrist, M.A., of the University 


of ‘Toronto, gave a lecture on The Habitabilitvy of Other 


In order to prevent wild speculation the lecturer stated that 


ar to that we know would be considered, and that 
demanded a certain range of temperature, an atmosphere in some 
ineasure resembling ours, and the presence of water Considers 
tions of the densities and cloudy appearances of the major planets 
precluded them from being the possible abode of life such as 


ours Qn the other hand the probable rotations of Mercury and 


Venus being identical with their revolution about the sun, meant 


onditions of temperature incompatible with life 

Thus we were left with our next neighbor Mars. The 
lecturer then took up the question of ascertaining whether wate 
vapour were present in the atmosphere of Mars He described 


wo methods by which the absorption spectrum of our atmos 


phere might be recognised, viz. if observation of the approaching 
and re ling limbs of the sun be observed, lines due to the sun's 
. 


itmosphere would be shifted to right and left, while anv due to 

















NOTES FROM THE METEOROLOGICAL SERVICE 
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tir 


rature of April was below 


he larger part of the Dominion, the Province ot 


yvether with the district Iving between Georgian Bay and tli 
yper St. Lawrence Vall alone shewing a positive departure 
In norma The largest negative departures, from 4 o 6 

cccurred in the Ottawa Valley and in Southern Alberta, while 

the largest positive departure was at Winnipeg. Comparison of 


se couditions with those of March shews a continued back 


irdness in the season from I,ake Huron eastward and a con 


tuation of unusual warmth in Manitoba and Itastern Sas 


West of Regina to the Pacific Coast a remarkably 


varm Ma 1 Was followed bD i.cold April 
f) / / , +? + + ly } ] ; 1, . 
Precipitation \ precipitation slightly in excess of the ave1 
age wa lost general in the Western Provinces and occurred 
very locally in Ontario, while in other parts of the Dominion 


deficiency which was quite pronounced througho 


Maritime Provinces and in some districts of Quebec and Brit 


Tempcrvalure— The mean 


ormal from Eastern Saskatchewan to. thi 





leather in Ca nada 


aie parture s trom ave! 


Provinces 


In 
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TEMPERATURES FOR APRIL AND May, 111 














Apri May apr May 
STATION i Zz FA STATION % ¢ Fs Fi 
a od z = 3 y s 
Yukon Laketheld 7 12' 88 25 
Dawson 55 24 66 22 London 7 14 gc 27 
British Columbia Lucknow 75 cs SS 2! 
Athu 52 12,538 22 Madu 77 7 g2 20 
\vass z 75 26 Meatord 
Barkerville 56 § 78 22 Midland 5 15 g2 3 
Kamloops 72 a SO 28 North Gower 
New Westminster | 7 28 78 36 Otonabee 74 i gl 27 
Prince Rupert 66 20 66 32 Ottawa 7Y 2; 90° 25 
Vancouver 60 3 74 38 Owen Sound 97 25 
Victoria 70 28 | 72 39 Paris 75 ci of 27 
Western Provin Parry Sound 70 g 9 2 
Battleford 76 4 94 24 Peterboro 7> 5; 92 
Broadview Point Clark 
Calgary 74 13 $3 26 Port Arthur 57 > So 2 
Carman S7 2 Port Burwell 7! 15 57 Fri 
Kdmonton 77 b= | 83 24 Port Dover 7 15 | 86 25 
Medicine Ilat SO 2 99 30 Port H ne 
Minnedosa S 1 SO 13 Port Stanley 6S 16 86. 2% 
Moose Jaw 74 5 gO 1g Ronvill 76 1 S56 I 
Oakbank 78 SS 21 Sarita 75 15 go 3 
Portage la Prairie S4 10 Southampton OS 13 90 27 
Prince Alber 74 > a 22 Stoneclitt 75 $i g2 2 
(dw Appelle 74 6 87 20! tony Creek 75 17, 953 
Regina 70 >» SX - Stratford 72 $ go 19 
Swilt Curren 76 > go 24 Poronto 70 16 gl 2 
Winnipeg So < $6 10 Uxbridge 75 12, 93 25 
Ghaite Wallaceburg 73 20. g2 3! 
Agincourt i2 o2 »6 Welland 73 iS | 93 i 
"Se Sa sa! os sa White River 70 16 So I 
Bancrolt i“ Q2 os | ¢ 
Barrie 5 77 it 2 
Beatrice > 8S 21 er Po 57 $ 78 2 
Birnam 12 90 ed treal 7% S So 28 
Bloombeld a 9 28 (dueb 74 > gl 24 
Brantford 14 GS 27 Sherbrooke SO 1! o2 27 
Br ce Mines 3 82 12. Varitime Province 
prema 17 96 28° Charlottetown 74 15.80 3 
Clinton 7 59. 18 Chatham 78 7\Q2)\ 27 
Cottam 10 95 24 Dalhousie 76 9. 86 2: 
Kast Toronto, 77 I gO, 25 Fredericton 78 7 92 24 
Gravenhurs 77 ci: Se) 2 Halifax Sc 14 89 y 
Guelph 74 12 Moncton 75 Q 35 27 
Haliburton 7» 4°95 21 St. John 66 | 72 31 
Hamilton 76 Is 06 30 St. Stephen S> oO o2 a 
Huntsville 77 5. go Is Sussex a Q oO 26 
Kenora 7 2 Sardines 7 1375 : 
Kinmount 75 4 92 >I Varmoutt 72 1s 2 >s 


Kingston 67 10 85 28 
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EARTIIQUAKE RECORDS BY THE MILNE SEISMOGRAPH 


TORONTO 
R. F. STUPART, DIRECTOR 


PT Preliminary Tremors, L.W. Large Waves. Time is Greenwich Civil 


& 


Mean Time, 0 or 24 h midn 





Date P.T L.W Ma 
J - Max End Durat 2 rks 
No. IQiI Comm Comm se Amy Remark 
I m h m h m : mm mm h m 
Ans ott F OF 7 10S) ) ,. ee » ~ ' 1 42°O Small and well de 
999 ” 7 290°5 Pa) 15 ) 
‘27 3°77 7 20°0$ . ‘ #1 45°2 [fined 
1000 S 2 41°7 S 415°3 ros oO z°6 
1001 16 28°90 16 30°6 6 44'S! o'2 O 15°49 Gradual beginning 
1002 10 No P.T’s18 54°9 [tg 1°8 Ig 54°0° 0.5 O 59°1 Suddenly disturbed 
1093 ‘ ik 19 10°719 16°6 (19 35°0 19 56°5 2 O 45°3 
1004 +e 28 No P.T’sto 84 10 S‘6 10 32°71 3 O 23°7 
2 > 
- . 292 2 -3 99'<1 e wa » 
ros May 1 23 49°323 5S'0 a I 50.6 32 2 9°7 Max. soon after I 
Bo 4°84 iW 
"006 1g 50°5 Ig 57 j 1) 2 I O 23°5 
{007 “* G 22 57°35 22 59 € O'l e 3 
1100S = ! O 43°4 » 44°! 0 45°6 20 O 5°2 Began suddenly 
1009 14 21 20°6 21 31°2 21 47°O 1°10, O 1774 iSasin 
Ol “ 1 20 52°2 20 §3°2 21 yl ” 3 O 12°9 Prov of Mure 
IO! . 25 S 13° $8 13°7 3 18°35 2 O §°S Santa Maura, 
[lon-an Islands 
Period i4°0 seconds I mm, 0 *O4 
VICTORIA, B. C. 
E. B. REED. SUPERINTENDENT 
n Date P L.W Max 
No “ I ‘ Max End la Durat Remarks 
I9tl Comm Comm amp 
m I n h i) m mm. | m 
V> 7 6°90) 
102° Apr 65 of 7 17°2 & 11°2 6 1138 
I 5 i : > 
T4 LW 7 13°35)! 
1026 I IS §2°O Is 55°0 IS 16°0O 19 47°0 2 O55 
1027 17, 5 29°3 5 3°4 © 43°77 | Ose 4°4 Grad. beginning 
i , 
1028 ISIgQ 3°71 19g 14 19 16°7 19 47°8?) 0°3 14°72 ‘and ending 
102y| * 1 3 4°6 } 16°§ | O'2 1t°Y) Grad n 
10% SIO TT 1 10 1§°3 I 20°5 ae | y @ 
1031 M 1It 23'9 11 25 [1 29°5 ros 5°60 
) »2 2 £9 23 54°! > » loo . 
1032 $-5 45°4 “393 B22 £6-2 O 372 221 Moderate 
bo 502 
O33 »TQ §590°5 2¢ 34 O'O5P% 359 
1034 I O 26°9 e*s , Se rd 30°27 Began grac 
I \ttend ng S Light off 
Period 15 seconds I 76 
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ASTRONOMICAL NOTES 





THe PLACE OF COMETS IN COSMOGONY In a paper in 
Pub. Ast. Soc. of the Pacific, No. 136, H. PD. Curtis coneludes 
he results of the labors of Fayet, Fabrv and Stromgren may 


then be stated: Considering only the influence of Newtonian 





] 1 9 
vravitation and introducing no other forces, all known Oo >t 
rhit«< 1 re danhtle rioinall, line , 1 >» drctet a Se 
OT were Goubdtiess orig! LiiV CLILPSEs  @ Wwe are UsStiied 111 


assuming that the entire comet family are permanent members 
of our system and that none have come in from interstellar space 


In conclusion Stromeren draws attention to the need for future 


computors ol definitive orbits themselves to calculate the effect of 
the earlier perturbations on the eccentricity (in cases where the 
eccentricity is close to parabolic), for without such calculations 
the orbits have little value for investigations in cosmovony\ 





practical yrroborate the information which appeared in out 
last number relative to Dr. Lockyer’s expedition Father Cortie 
savs that thick cirrus clouds persisted at totality, but photo 
graphs of the corona and its spectrum were obtained, the corona 
being characteristic of the sun-spot minimum Mr. Worthing 
ton, who was also at Vavau, says that he got splendid photo 
vyraphs of the inner and outer corona Apparently the most 
satisfactory results were obtained by Mr. C. L. Wragge, former) 
Meteorologist to the QOueensland (overnment who saw th 
eclipse under excellent conditions from Lifuka, Friendly Islands 
Hvdro lh promiunences were see nct s well as t Oona 
s befo lescribed é ttory, 1911 
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MECHANICAL PRODUCTION OF STREAMERS SEEN IN THI 
SOLAR CORONA.—In order to test the theory that the shapes of 
observed coronal streams may be accounted for on the assumption 
that they are the natural production of certain defined mechani 


il forces, Professor J. A. Miller examined the excellent series 


§ corona photographs now available at the Lick Observatory 


. 7 
ind | 


1e publishes the results of his discussion in No. 4, Vol 
NNNIIT., of Zhe Astrophysical Journal 

If the streamers are formed of particles ejected from the sun 
under the influence of the solar rotation, of the attraction and of 
the radiant pressure of the sun, certain shapes should theoretic- 
uly ensue, and the velocity and direction at any point of the 
stream can be calculated. Professor Miller has done this, and 
finds that not only do the observed streamers largely conform 


vith his theoretical results, but he is able to compute and draw 


theoretical streamers, for the conditions obtaining at anv one 
eclipse, which agree with those actually observed Various 


modifications occur, but mav be accounted for bv reasonable 


issuniptions olf 


modified conditions: for example, the particles 


it the end of a stream are probably finer than those at the base 
ind, therefore, the sun,s radiant pressure would act more strongly 


on them, or it may be that the particles of a stream are moving 


in a resisting medium which is denser in the inner than in the 


outer corona, and each of these causes would produce the differ 


ences observed between the computed and the observed results. 


Valure, June 8, 1911 


HEAT AND LIGHT OF METEORITES.— Conclusions from a 
paper by Rev. M. Davidson, in Journal British Astronomical 
A sociatio??, Vol + & eS No 7 

Meteorites striking our atmosphere will have their surfaces 
fused, even at high altitudes, up to 100 miles, sav, and if 


sufhciently large may become visible at that height owing to the 


heated air forming an envelope. The height at which thev will 
have developed sufficient heat to cause complete volatilisation 


will depend upon their size, velocitv, and angle at which they 


>? 








to 
— 
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For large masses ranging from a few hundredweights up to 
50 tons, this amount of heat can only be generated when they 
have reached lower altitudes, from 25 to 45 miles, according to 
velocity, size and angle with which thev strike. 

Small meteorites like grains of sand or shot can develop this 
heat in the higher regions, up to about 70 miles, and might 
therefore, be volatilised at this height 

Fora height of 150 miles, if volatilisation occurs there, the 
meteorite is possibly in a gaseous state. 

The resistance of the atmosphere to the motion of bodies 
becomes greater as they diminish in size, and the temperature 


produced in them by friction against the air increases 


Nova LACERTA In Month/y Notices R. A. S. for January 
1911 There are severa! papers on this subject. The Rev. T 
I1. Espin describes its discovery and how the spectroscope revealed 
the presence of bright lines where no variable star had been 


at 


known to exist It was first seen in twilight and estimated 
S‘O mag., but was in reality a little under 7°0 mag. The spec 
troscope showed a bright line, presumed to be F, flanked on the 
more refrangible side by a great band, making the spectrum per- 
fectly discontinuous : then a bright band, and in the violet a line 


probably trom hydrogen ; in the yellow was a bright line, and 


between it and F three bands with bri 


ght flutings between them 
On the less refrangible side of the yellow line was a strong band 
and further on the red possibly a bright line Mr. A. R. Hincks 
gives observations made with the photographs from the Sheep 
shanks equatorial, and observations of the spectrum made with a 
small direct-vision prism held over the eyepiece. Mr. F. A. 
Bellamy gives the position of the Nova as determined from photo 
graphs taken at the University Observatory, Oxford 

Professor S. A. Mitchell, in the Scientific American, Vol. 
CIV., No. ‘), discusses not only the apparition of Nova Lacerta 
but in addition the nature of novce in general. Of the 56 new 
stars discovered since that of Hipparchus in B.C. 134, 18 have 


appeared since 1885; 15 of these have been first found on photo 


graphs, and 14 of them on plates taken at Harvard or Arequipa 
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Professor Mitchell finds that both the ‘‘ pressure and the 


] ; ‘ } 


collision ” theories leave much to be desired, and favors the 


passage of a rapidly moving star through a previously unknown 


nebula.—/ournal B. A. A., No. 7, 


Morion OF CALCIUM VAPOR OVER Stn-Spots.— General 
conclusions of a paper by Charles E. St. John Vount Wilson 
Solar Observatory Contribution, No. 54, (March, 1/11 


reat majority of sun-spots the calcium vapor 1s 


descending in the umbrze with velocities varving from O°6S km 


per second to 2°2 km per second This result is obtained trom 


the usual bright reversal over the umbrz ard also from the 


> 


absorption line when present Occasionally the calcium vaper 1s 


rising in the umbra 
) y 


2. Over the penumbrz of spots the calcium vapor which 1s 


the source of the bright line K. has little, if any, vertical motion 


The calcium vapor producing the absorption line is descending 
With approximately the same mean velocity as over the general 
( Sit 

>». Over floceuli surrounding spots the emitting vapor shows 
a very slight but doubtful upward motion. The mean wave 


Opry 


length for K, over the central flocculi 1s 5985°665 A compared 


with 3933°667 A in the arc, an agreement within the errors of 


measurement. The absorbing vapor, the source of the k, line, 
is descending with the same mean velocitv as over the general 
disk. 


!. Over circumfloccular regions the upper layer of al 


sorbing 
calcium vapor is descending with practically the same mean 
velocity as over the general disk, and does not show evidence of 
a local svstem of circulation involving the flocculi and their 
immediate surroundings. 
5. A radial motion of the calcium vapor inward across the 
penumbrze is shown both by the emitting and absorbing vapor 
The velocity is higher for the absorbing vapor than for the emit 
ting vapor 

6. A rotary motion of the calcium vapor around the un 


of spots 1s an occasional phenemenon, and is shown bv the dis 
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placements of both the absorption line and the bright line The 
velocity is higher in the case of the absorbing vapor than in the 
ase of the emitting vapor 

ri The combination of the radial motion inward and the 


rotary motion results 1n a spiral or a vort cal motion converging 


upon the umbra. The direction of rotation does not depend upon 
vhether the spot is north or south of the sun’s equator. The 
disturbance appears to originate in the high-level absorbing vapor 
ind to work downward, involving the emitting lave1 

S. The phenomenon of a dark absorption line appearing 1n 


one of the K, components, or beyond their outer edges, while the 





KX. line is undisturbed, is interpreted as being caused by detached 
nasses OT re ] itIVel\ cool « ili 1011 pol high LDoVe the ¢ lomo 
sphere, and in more or less rapid motion, that 1s, by prominences 
pro ted against the sun’s dish 
%. In addition to the general circulation of the calcium vapor 
shown by the ascent of the emittin apor and the descent of the 
ibsorbing vapor over the general surface of the sun, tl ippears 
to be a local svstem in which the emitting vapor rises arou th 
flocculi, flows across the penumbra, and is then drawn downward 
into the umbra with or without ortical motion Phe Is e1 
slight iden if anv, of its rising from the interior of the sun 
through the facula, ¢ ept in t case of eruptions 
10) Sh tensity of the wh ‘ line ove tloceull x ecs 
than that of the continuous spectrum Che apparent weakness 
of the K. line in the spectrum ot t centre of the sun 1s due 
Mall to the slight dillerenice ID en it and th macKground of 
he Kk n Its apparent incr of intensity at th mb is due 
in the main to the greater absorption in the Kk, a1 K nes 
which raises the kK. line into rel vithout much actual increase 
of intensity 
11. The relative intensities « kK, K 1 kK lines i\ 
ye ¢ plained by thie oreat a I 5 it rfra it1oll CoE nts 
nd the consequent different depths in the solar atmosphe1 om 
vh 1 light of the respective engths reaches the s ce 
owing to the selective absorptt Phe occurrence ot the bright 














BOOK REVIEWS 





olumes for earlier years a distinetive place amone publications 
yf this kind While less ambitious than the official Almanacs ot 
neland, France, Germany and the United States, equal care is 
lown in the matter of compilation and editing Che ephemeride 
* the sun and moon are followed by nteresting and usefu 

tion in which are given the elements of th plat iry systen 
and the predictions for the vear 1912 An ampl st of star pos 
Ons elven, as wel s the usual particulars as to « pses an 
) iltations I‘h re ell tables tables diverses irc excel 
ntlv selected and arranged, while the notes on the leasure of 
1 ind on recent progress in astronomy have ace in succinet 
OMmpieteness 
1 List of Bo on ft /listor) Scr in the Joun CRERAI 

LIBRARY Chi iyo 

The Directors of the John Crerar Library in issuing a cata 
ue of that important section of the library concerned with the 
story of science have placed students and investigators under a 
reat obligation to them So extensi is the collection t] om 
lav well turn to th ca logue is to a bibliograph ror informa 
on in regard to the literature of any special department of 

nce The list will have special value for those who are 
ifherently near to Chicago to make use of the libra 

oO 











NOTES AND QUERIES 


Communications are Invited, Especially trom Amateurs. The Editor will try to 
Secure Answers to Queries 





ANSWER 
In order to obtain a clear idea of the meaning of the First of 
Aries and the precession of the equinoxes, we must be able to 
separate the effects due to the earth's daily rotation and to its 


innual motion in space Imagine vourself stationed off at some 


rth, and consider what you will see 


point away from the e 
The earth revolves about the sun, and the plane containing the 
centres of the earth and the sun is the ecliptic plane. The great 
circle in which this plane cuts the sky is the ec//plic, and the 
points in the sky distant 90° from it are the poles of the ecliptic 
\gain, the earth's axis points in a definite direction, and the 
plane passing through its equator, when extended, cuts the sky 
in a great circle which is called the celestial equato) The two 
points where the ecliptic and the celestial equator cut are th 


equinoxes, one being known as the First of Aries and the other 
i 


is the First of Libra Now the eartl 


/ 
_ 


axis, does not always keep its axis pointing i1 


but it has a slow majestic motion amongst the stars, describing a 


circle about the pole of the ecliptic in 26,000 vears It is evident 
that if the axis moves as stated, the plane of the equator also 
moves, and so the two points in which the celestial equator cuts 
the ecliptic must also move. This motion is called the precession 


of the equinoxes The equinoxes move westward along the 








from which is 


astronomy 1t 1s very 


liptic at the rate of 52” of 
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f arc per vear or 360° in 16,000 year 


rs 


It would be a great advantage to have a point to measure 
absolutely fixed, but in the operations of p1 


L 


convenient to use the First of At 


point of reference. It is true that (neglecting the extremel) 
small proper motions) the positions of the stars are /.ved relative 
to each other, and so if a certain star were taken as zero it would 
remaill our zero as far as fixity is concerned But there is no 
other point so convenient as the First of Aries, even though 
illowance has to be made for its motion 
OUERY\ 
\\ | 1) sSurius 1) sia 
{ { 
ANSWE1I 
Ihe best answer that I can give to this query is to be found 
in Flammarion’ Astronomical Myths ranslated by Blake 
pages 74-5, as follows 
‘4 | | 
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Mrs. FLEMING 


\L will re 


oret to 


mine on Mav | 








For some years Mrs. Fleming has been Curator of the 






xreat collection of astronomical photographs at Harvard College 





Observatory, and her examination of the negatives taken at the 





Observatory has led to many important discoveries Mrs 

























Fleming was at the Solar Conference in California in 1910, and 
her portrait appears on several of the illustrations accompany | 


ing the account of that gathering printed last autumn in this 


THE R. A. S.C. Gonp MEDAI 
The Society annually offers to the University of Toronto a 


old medal for the highest stand in first-class honors in the 


course in Astronomy and Phivsics The recipients up to the 
present, and the positions held by them, are as follows 
107 W. It. Harper, at the Dominion Astronomical Obset 


vatory, Ottawa 

1908 R. M. Motherwell, at the same institution 

LSM) Reynold Young, Fellow at the Lick Observatory 
since graduation 

110 R J Me Diarmid during 1910-11 Fellow at 


\lleghenv Observatory recently appointed to 


the Dominion Observatory. 


111 Rk. S. Sheppard, Assistant at the Lick Observatory 


FROM EXAMINATION PAPERS 


Wandering of the Pole This means that the pole does not 
stay in one position The whole sphere wabbles hence the pole 
For example we have librication 

| The Sun] Its specific heat is said to be about 6000° centi 
grade and would melt ice at the rate of 40 ft. per minute 
1 


q : , 
foon is a reflective bed) 








